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FOREWORD 

This  report  is  a  summary  of  some  of  the  more  important 
literature  on  highway  snow  and  ice  control.   It  will  be  of 
interest  to  all  concerned  with  the  economic,  operational, 
and  environmental  aspects  of  winter  maintenance. 

The  report  was  prepared  as  part  of  a  study  entitled 
"Economic  Impact  of  Highway  Snow  and  Ice  Control"  conducted 
for  the  Federal  Highway  Administration,  Office  of  Research, 
Washington,  D.C.   under  Contract  DOT-FH- 11- 8580.   All  original 
research  conducted  under  this  contract  will  be  documented  in 
the  forthcoming  final  report. 

Sufficient  copies  of  the  present  report  are  being 
distributed  to  provide  a  minimum  of  four  copies  to  each  FHWA 
Regional  office,  one  copy  to  each  FHWA  Division  office,  and 
one  copy  to  each  State  highway  agency.   Direct  distribution 
is  being  made  to  the  Division  offices. 


sr. 


Charles  F.  Scl 

Director,  Office  of  Research 

Federal  Highway  Administration 


This  document  is  disseminated  under  the  sponsorship  of  the  Department  of  Transportation  in  the 
interest  of  information  exchange.  The  United  States  Government  assumes  no  liability  for  its 
contents  or  use  thereof.  The  contents  of  this  report  reflect  the  views  of  the  Utah  Department 
of  Transportation,  Research  and  Development  Unit,  which  is  responsible  for  the  facts  and  the 
accuracy  of  the  data  presented  herein.  The  contents  do  not  necessarily  reflect  the  official 
views  or  policy  of  the  Department  of  Transportation.  This  report  does  not  constitute  a  standard, 
specification,  or  regulation. 

The  United  States  Government  does  not  endorse  products  or  manufacturers.  Trade  or  manufacturers' 
names  appear  herein  only  because  they  are  considered  essential  to  the  object  of  this  document. 
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CHAPTER  I 
Introduction 

by:  Bob  H.  Welch 


Public  demand  for  clean  highways  along  with  funding  limitations  and 
the  ever-increasing  cost  of  maintenance  [1_J  has  brought  about  the  need 
to  assimilate  a  comprehensive  review  of  literature,  research  and 
experience  for  the  highway  administrator  concerning  the  economics  of 
highway  snow  and  ice  control.  The  administrator  is  frequently  called 
on  to  make  economic  decisions  before  allocating  funds  for  specific  pur- 
poses. The  final  decision  may  be  based  on  social,  educational ,  political 
or  other  non-economic  factors,  but  if  his  budget  can  be  justified 
economically,  he  has  a  far  greater  chance  of  obtaining  public  support 
for  the  measures  finally  recommended  or  utilized.  One  area  where  such 
economic  justification  would  be  particularly  helpful  is  in  recommending 
budgets  for  snow  and  ice  removal.  Each  year  governments  spend  signifi- 
cant sums  of  money  to  counteract  the  adverse  effects  of  ice  and  snow. 
Although  such  expenditures  have  appeared  necessary  in  the  interest  of 
public  safety,  there  is  a  limit  to  the  amount  that  can  be  spent  and 
remain  justified  [2].  The  problem  of  budget  limitations  is  not  unique 
to  maintenance  engineers.  The  problem  is  made  more  serious  by  convinc- 
ing estimates  of  economic  losses,  associated  with  variances  in  snow 
removal  strategies,  based  on  the  use  of  highly  questionable  statistics 
[3]. 

Administrators,  engineers,  and  researchers  are  faced  continually 
with  highway  problems  on  which  much  information  already  exists  either 
in  documented  form  or  in  terms  of  undocumented  experience  and  practice. 
Unfortunately,  this  information  often  is  fragmented,  scattered,  and 
unevaluated.  As  a  consequence,  full  use  of  information  on  what  has  been 
learned  about  a  problem  is  not  assembled  in  seeking  a  solution  [4],  or 
used  in  making  decisions. 

This  report  attempts  to  synthesize  in  a  comprehensive  manner  the 
relevant  and  significant  information  from  research  and  experience.  This 
requires  a  basic  review  of  many  areas  including  environmental  impact, 
levels  of  service,  traffic  characteristics,  maintenance  activities, 
legal  responsibilities,  automobile  corrosion,  bridge  deck  deterioration 
and  public  opinion. 

There  exists  in  the  literature  concerning  snow  and  ice  maintenance 
and  the  corresponding  economic  effects  a  vast  amount  of  information. 
Much  of  this  is  repetitive  or  only  covers  fragmentary  excerpts  from 
other  sources.  Therefore  to  maintain  this  report  to  a  manageable  size, 
significant  literature,  practices  and  experience  that  yields  a  compre- 
hensive review  is  included  with  references  to  other  sources  that  have 


reported  similar  results.  An  index  listings  is  included  to  allow  this 
document  to  be  exercised  as  a  reference  volume  for  specific  subject 
matter,  independent  of  the  text  as  a  whole. 


CHAPTER  II 
Economic  Analysis 

by:  Cherng  C.  Sy 


This  chapter  presents  an  overview  of  general  methods  of  economic 
analysis.  There  are  several  methods  of  economic  analysis:  the  annual 
cost  method,  the  present  worth  method,  the  rate  of  return  method,  the 
benefit-cost  method,  and  the  break  even  analysis.  The  relative  merits, 
demerits  and  limitations  of  these  concepts  are  discussed  in  references 
[5]'  [§J>  and  [7]-  The  marginal  analysis  of  benefits  and  costs  will  be 
used  as  an  example  to  illustrate  the  economics  of  highway  snow  and  ice 
control.  A  brief  review  of  some  of  the  economic  cost  functions  in 
winter  maintenance  are  presented. 

In  the  private  sector  of  the  economy,  fair  price  and  level  of  out- 
put can  be  determined  by  the  competitive  forces  of  supply  and  demand. 
Whereas  in  the  public  sector  of  the  economy,  publicly  produced  goods 
such  as  a  network  of  highways  cannot  be  handled  through  the  private 
market  mechanism  because  of  the  indivisibility  and  the  interdependency 
of  the  highway  system.  Moreover,  profit  motivation  fails  to  yield  an 
optimum  level  of  quality  and  quantity  in  public  works.  The  purpose  of 
investment  for  a  private  industry  is  to  make  the  largest  profit 
possible;  public  expenditure  on  a  highway  related  project,  however,  is 
earmarked  to  maximize  the  benefit  to  the  community  which  cannot  be 
parceled  out  among  members  of  the  community  by  the  private  market 
mechanism  in  any  satisfactory  manner.  Therefore,  comparison  of  the 
total  costs  and  the  total  benefits  is  essential  to  decide  whether  a 
specific  highway  project  should  be  undertaken  [8],  [9],  [10],  [11  ], 
[12],  and  [1_3]. 

The  first  major  application  of  benefit  and  cost  analysis  was  found 
in  the  Flood  Control  Act  of  1936  which  requires  that  the  benefits  must 
exceed  the  costs  for  any  water  resources  project.  In  recent  years, 
government  activities  and  expenditures  have  increased  steadily,  benefit 
and  cost  analysis  has  extended  to  public  works  in  all  fields.  It  is 
used  as  a  major  criterion  in  the  economic  analysis  of  transportation. 
The  two  leading  publications  in  the  field  of  highway  economic  analysis, 
"Summary  and  Evaluation  of  Economic  Consequences  of  Highway  Improvement" 
[1_4],  and  "Road  User  Benefit  Analysis  for  Highway  Improvements"  [15] 
have  recommended  the  use  of  benefit  and  cost  analysis  for  highway 
decision  making. 

For  this  general  discussion  of  economic  analysis  in  winter  mainten- 
ance, two  perspectives  will  be  discussed:  (1)-  an  analysis  at  each 
component  level  and  (2)-  for  the  project  as  a  whole. 


(1)  For  each  individual  segment  of  the  project,  the  marginal 
anlaysis  of  economic  theory  would  suggest  that  the  level  of  winter 
maintenance  activity  should  be  carried  to  a  point  where  the  incremental 
benefit  is  equal  to  the  incremental  cost,  i.e.,  (incremental  benefit/ 
incremental  cost)  =  1.  To  illustrate  this  point,  assume  all  of  the 
functions  B(X),  C(X)  and  W(X)  are  differentiate.  Let  X  represent 
levels  of  service,  B(X)  the  benefit  function  (including  all  direct  and 
indirect  benefits),  C(X)  the  cost  function  and,  W(X)  the  welfare  function 
of  the  community,  where  W(X)  =  B(X)  -  C(X). 

In  order  to  maximize  W(X),  it  is  necessary  that  the  first 
derivative  W'(X)  be  zero  i.e.,  first  derivative  B'(X)  =  C'(X)  or 
marginal  benefit  =  marginal  cost  (where  W'(X),  B'(X)  and  C ' (X)  are  the 
first  derivative  of  W(X),  B(X)  and  C(X)  respectively)*  [16J. 

In  a  benefit  and  cost  analysis  of  winter  maintenance,  the  first 
task  is  to  quantify  the  benefits  and  costs  associated  with  the  economic, 
safety  and  environmental  aspects  of  each  feasible  plan.  The  benefits 
from  each  plan  are  the  sum  of  all  prospective  reductions  in  economic 
loss,  risk  cost,  operating  cost,  time  delay  cost,  fire  losses,  and  so 
forth;  the  costs  from  each  plan  are  the  sum  of  all  direct  material  cost 
(such  as  abrasives  and  chemicals),  spreading  cost,  plowing  cost, 
enviromental  cost,  vehicle  corrosion  cost,  cost  of  bridge  deck  deteriora- 
tion, etc.  The  detailed  discussion  of  this  will  be  presented  in  the 
maintenance,  enviromental,  vehicle  corrosion,  traffic  and  safety 
chapters.  The  second  task  is  to  compare  the  different  levels  of  improve- 
ment (or  plans)  successively  beginning  with  the  null  situation  (or  do 
nothing  situation)  [5],  [6]  and  [17], 

The  following  illustrative  examples  demonstrate  the  simple  idea  of 
marginal  analysis  when  the  benefit-cost  ratio  is  used. 

Tables  1,  2,  and  3  illustrate  the  manner  in  which  plans  are  evalu- 
ated in  the  order  of  increasing  cost.  It  is  obvious  that  a  new  plan 
should  not  be  adopted  unless  its  incremental  benefit  (or  marginal  bene- 
fit) is  at  least  equal  to  the  corresponding  incremental  cost  (marginal 
cost).  The  activity  should  be  carried  to  a  point  where  this  marginal 
benefit  equals  the  marginal  cost  (i.e.,  the  incremental  benefit-cost 
ratio  is  one)  whenever  economically  feasible.  Plan  1  is  superior  to 
plan  0  (do  nothing)  on  the  basis  of  its  incremental  B/C  ratio  of  3.0. 
Plan  2  is  superior  to  plan  1  because  its  incremental  B/C  ratio  is  2.10, 
an  improvement  over  plan  1.  Plans  3,  4,  and  5  are  all  abandoned  because 
their  incremental  B/C  ratio  for  plan  2  is  less  than  unity.  It  follows 
that  plan  2  is  the  best  choice  which  provides  the  maximum  net  benefit 
of  155  (Table  2),  and  a  minimum  total  cost  of  445  (Table  1). 


*This  is  the  necessary  condition  for  an  optimal  solution.  The  sufficient 
condition  requires  that  the  second  derivative  W"(X)  be  <r0.  The 
second  order  condition  essentially  means  that  we  are  at  the  point  of 
decreasing  net  returns  to  scale. 


TABLE  l:  COST  COMPARISON  FOR  VARIOUS  WINTER  MAINTENANCE  PLANS  (5) 


Maintenance  Plan 

Total  Annual 
Cost 

Total  Annual  Loss 
Due  to  Storms 

Total  Overall 
Cost 

0  (Do  Nothing) 

1 

2 

3 

4 
5 

(dollars) 

0 
50 
100 
150 
200 
250 

(dollars) 

600 
450 
345 
300 
275 
260 

(dollars) 

600 

500 

445  (min.) 

450 

475 

510 

TABLE  2:  COMPARISON  OF  BENEFIT-COST  RATIOS  (5) 


Maintenance 
Plan 

Annual 
Cost 

Annua]  Benefit 

Benefit-Cost 
Ratio 

Net  Benefit 
(Total  Benefit- 
Total  Cost) 

1 
2 
3 
4 
5 

(dollars) 

50 
100 
150 
200 
250 

(dollars) 

600-450  =  150 
600-345  =  255 
600-300  =  300 
600-275  =  325 
600-260  =  340 

3.00 
2.55 
2.00 
1.62 
1.36 

(dollars) 

100 

155  (max.) 
150 
125 
90 

TABLE  3:  CALCULATION  OF  INCREMENTAL  BENEFIT-COST  RATIOS  (5) 


Incremental 

Incremental 

Incremental 

Maintenance  Plan 

Annual 

Annual 

Benefit-Cost 

Compared 

Cost 

Benefit 

Ratio 

(dollars) 

(dollars) 

1  over  0 

50 

150 

3.00 

2  over  1 

50 

105 

2.10 

3  over  2 

50 

45 

0.90 

4  over  2 

100 

70 

0.70 

5  over  2 

150 

85 

0.57 

From  Table  2,  "Comparison  of  Benefit-Cost  Ratio"  the  benefit  cost 
ratio  for  maintenance  plan  5  is  1.36.  This  means  that  for  every   unit 
of  dollar  resources  invested,  there  will  be  1.36  units  of  benefit,  a 
seemingly  wise  course  of  action.  However,  when  subjected  to  incremental 
benefit  cost  analysis,  this  plan  evolves  as  the  worst  possible  choice, 
the  lowest  net  benefit  of  0.90  occurs. 

(2)  For  the  project  as  a  whole,  in  order  to  attain  the  maximum 
benefit  from  snow  and  ice  control  projects,  the  allocation  of  limited 
resources  to  each  activity  should  be  such  that  the  incremental  benefit/ 
cost  ratio  for  each  area  of  the  project  must  be  the  same  ie, 


AB1  _AB2       ABn 
ac"1  "ac2  "     ACn 


(IV 


(assuming  the  project  consists  of  n  areas).  If  this  condition  is  not 
satisfied,  the  project  engineer  can  benefit  by  merely  shifting  resources 
from  low  incremental  benefit-cost  ratio  areas  to  high  areas.  For 
example,  if  the  incremental  benefit-cost  ratio  in  the  environmental 
area  is  one  and  the  incremental  benefit-cost  ratio  in  the  traffic  and 
safety  area  is  three,  then  by  transferring  one  unit  of  cost  from  the 
environmental  area  to  the  traffic  and  safety  area  would  result  in  a  net 
gain  of  two  units  of  benefit  Q8J. 

Regression  equations  have  been  used  to  predict  snow  and  ice  removal 
expenditures. 

(a)  Single  Equation  Model 

Ohio  State  Department  of  Highways  used  data  for  three  years,  1967, 
1968  and  1969  to  develop  regression  equations.  The  model  predicts  the 
cost  for  snow  and  ice  control  in  each  county  based  on  30-years  of 
average  snowfall  data  and  current  average  daily  traffic  (ADT)  values 
for  each  county.  The  study  indicates  that  the  two  most  significant 
independent  variables  affecting  cost  per  lane-mile  for  snow  and  ice 
removal  (henceforth  known  as  "y")  are  inches  of  snowfall  (X-|)  and 
ADT  (Xp),  or  written  in  mathematical  form: 

y  =  F(Xi,X2)  (2) 

The  multiple  correlation  coefficient  (R)  varies  from  0.6  to  0.8, 
therefore  the  multiple  coefficient  of  determination  varies  from  0.36  to 
0.64  (ie,  approximately  36%  to  64%  of  the  variations  in  the  dependent 
variable  is  explained  by  the  equation)  [19], 

In  the  Single  Equation  Model  Case,  variables  are  classified  as 
either  independent  or  dependent.  Under  the  conditions  that  are  specified 
in  the  assumptions  of  the  Model,  ordinary  least  squares  method  would 


*A  Indicates  incremental  quantities 


yield  the  Best  Linear  Unbiased  Estimators  (BLUE). 

(b)  Simultaneous  System  of  Equations 

Dunlay  in  his  article  "A  Simultaneous  Equation  Econometric  Model  of 
Winter  Maintenance  Cost  Categories"  [20]  has  pointed  out  the  inadequacy 
of  the  Single  Equation  Model  where  several  categories  of  winter  mainten- 
ance expenditures  are  considered.  Here  the  variables  are  characteristic 
of  a  county,  such  as  the  ratio  of  mileage  of  four  or  more  lanes  to  total 
mileage  (X-j),  ruggedness  (Xo),  climate  (X3),  traffic  (X4),  etc.;  their 
values  are  determined  outside  the  system  of  equations.  The  endogenous 
variables  are  winter  maintenance  expenditures,  such  as  expenditures  on 
abrasives  (Y-|),  deicing  chemicals  (Y2),  spreading  costs  (Y3),  etc.  their 
values  are  determined  within  the  model.  The  purpose  of  this  model 
is  to  predict  winter  maintenance  expenditures  (endogenous  variables) 
based  on  the  characteristics  of  a  county  (exogenous  variables). 

Thus,  written  in  mathematical  form: 

Y]  =  F(Y2,  Y3,  —  Yis  Xl5  X2,  — ,  Xj)  (3) 

Y2  =  F(Yl5  Y3,  —  Yi5  Xls  X2,  — ,  Xj)  (4) 

Yi  =  F(Yp  Y2,  Y3,  —  Yrl,  Xp  X2,  — ,  Xj )  (5) 

Where  Y's  are  endogenous  variables,  and  X's  are  exogenous  variables 

If  the  ordinary  least  square  or  generalized  least  squares  method 
is  used  in  a  simultaneous  system  of  equations,  either  would  yield  biased 
and  inconsistent  estimators  because  the  random  error  could  no  longer 
satisfy  the  assumption  that  they  should  be  independent  of  the  regressors 
These  methods  are  being  asked  to  do  more  than  they  were  designed  for. 

If  the  model  is  mathematically  complete,  if  the  necessary  and 
sufficient  conditions  for  identification  are  met,  and  if  there  is  no 
statistical  problems  of  mul ticoll inearity,  then  the  two-stage  least 
squares  method  would  yield  consistent  estimators  [21 ]  and  [22]. 


CHAPTER  III 
FIaintenance 

by:  Bob  H.  Welch  and  Forrest  R.  McConkie 


Introduction 

Maintenance  activities  as  they  relate  to  highway  snow  and  ice 
control  are  aimed  at  providing  the  highway  user  a  service,  a  service 
which  has  been  traditionally  justified  on  the  basis  of  user  savings, 
politics,  or  convenience.  These  savings  have  taken  the  form  of 
additional  safety,  less  fuel  consumption,  less  traffic  delay  and 
congestion,  and  even  the  decrease  in  production  loss  due  to  tardiness, 
absenteeism  and  product  spoilage.  With  one  or  more  of  these  goals 
set  by  service  agencies  representing  governments  at  all  levels  and 
even  toll  authorities,  it  would  seem  that  once  the  level  of  service 
or  goal  has  been  determined  for  a  particular  highway  that  the  procedures 
to  attain  that  goal  would  be  somewhat  consistent. 

This  is  certainly  not  the  case.  From  one  highway  agency  to  another 
there  are  considerable  differences  in  policy,  equipment  inventories, 
types  of  equipment,  manpower  allocations,  material  types  and  amounts 
used,  budgeting  procedures,  accounting  procedures  and  the  means  of 
determining  snow  and  ice  removal  productivity.  Some  of  the  differences 
are  even  notable  between  districts  within  one  state,  usually  accompanied 
by  "every   situation  is  unique."  Nowhere  else  in  highway  maintenance 
activities  are  the  uniqueness  or  differences  of  procedure  and  equip- 
ment so  notable  as  in  snow  and  ice  control. 

Geographic  locations  subjected  to  winter  storms  are  populated 
with  a  public  very   much  aware  of  efforts  being  placed  on  snow  removal. 
Snow  and  ice  control  is  an  obvious  service  to  the  driving  public  and 
consequently  there  exists  in  many  areas  a  level  of  effort  given  to  snow 
and  ice  control  based  on  real  or  assumed  public  demand.  Since  a  large 
percentage  of  state  highway  maintenance  budgets  in  areas  where  a  severe 
winter  climate  must  be  contended  with  is  allocated  to  the  snow  removal 
activity,  a  summary  of  public  opinion  and  sovereign  immunity  is  in- 
cluded in  this  chapter  in  addition  to  the  nuts  and  bolts  of  maintenance 
activities. 

Public  Relations 

Effective  public  relations  associated  with  any  activity  directly 
or  indirectly  affecting  large  groups  of  people  is  essential  for 
acceptance  or  rejection  of  an  otherwise  worthy  activity. 

Maintenance  engineers  have  found  that  a  change  in  deicing  materials 


used,  road  closure  policies  or  expected  roadway  conditions  are  easier 
implemented  if  the  general  public  has  prior  knowledge  of  the  change 
and  can  prepare  for  it  if  necessary.  Lowering  of  service  levels  for 
snow  and  ice  control  together  with  temporary  setbacks  in  attempts  to 
keep  ahead  of  storms  are  met  with  less  resistance  if  these  conditions 
are  generally  expected. 

Particularly  in  metropolitan  areas,  maintenance  practices  that  are 
expected  to  differ  from  normal  is  not  so  devastating  if  the  local  news 
media  have  reported  information  on  expected  road  conditions  in  addition 
to  weather  forecasts.  Areas  with  air  traffic  watches  have  found  these 
helpful  and  cooperative  with  highway  agencies  to  promote  traffic  flows 
in  urban  communities  and  avoid  delays  on  slow  moving,  congested  highway 
segments. 

Areas  more  isolated  from  urban  centers  can  be  potentially  hazardous 
for  stranded  motorists  during  snow  conditions.  An  offer  to  radio  help 
from  emergency  vehicles  or  tow  trucks  promotes  a  more  desirable 
relationship  with  the  public.  Many  highway  agencies  do  not  allow  their 
maintenance  vehicles  to  aid  directly  (towing,  pushing,  etc.)  in  snow 
rescue  operations.  It  has  been  helpful,  however,  to  aid  motorists 
back  onto  the  highway,  if  possible,  upon  the  driver's  desire. 

Policies  governing  proper  public  relations  in  most  areas  of  highway 
work  are  adopted  by  the  majority  of  state  agencies,  and  these  should 
not  be  overlooked  in  the  snow  and  ice  removal  activity. 

Public  Opinion 

Ecological  considerations  and  the  search  for  quality  in  life  have 
focused  the  spotlight  of  public  interest  on  maintenance  operations  of 
every   sort,  including  those  of  highway  snow  and  ice  control  [23]. 

Figure  1  is  a  questionnaire  used  by  the  Utah  Department  of 
Transportation  to  obtain  a  response  of  public  attitude  towards  the 
level  of  effort  of  snow  and  ice  control.  An  attempt  was  made  to 
differentiate  the  attitudes  based  on  highway  type,  driver  age,  amount 
of  mountainous  driving  and  number  of  miles  driven.  The  questionnaire 
was  filled  out  by  applicants  renewing  drivers  license  permits  over  a 
two  week  period  in  January  and  August  for  the  locations  of  Salt  Lake 
City  (Pop.  1970-175,885),  Cedar  City  (Pop.  1970-8,946),  and  Brigham 
City,  Utah  (Pop.  1970-14,007). 

Figures  2  through  30  summarize  the  results  of  these  question- 
naires. 

A  survey  [24],  obtaining  over  1,200  responses  from  a  cross  section 
of  the  traveling  public,  including  over-the-road  truckers,  ranchers, 
traveling  salesmen,  rural  mailmen,  as  well  as  members  of  the  American 
Automobile  Association,  State  Granges,  State  Farm  Bureau  organizations, 
and  other  trade  organizations  was  conducted. 


'QUESTIONNAIRE" 

WINTER  DRIVING  CONDITIONS 

1) 

Age?                21  or   less              22 

to  30              31   to  45              45   to   60            Over   SO 

Ed 

LID             ED             ED          ED 

2) 

How  many  miles   per  year  do  yo 

j  drive? 

Less    Chan  5,000        5,000   -    10, 

300        10,000   -  20,000        20,000   -  30,000       Over  30,000 

rrn              nri 

ED                  ED                ED 

3) 

The  vlacer  maintenance  effort 

for   snow  and   ice  control  on  most: 

Poor 

Excellent 

(Freeways)    Is        [JD       fSTl 

ED    ED         ED 

(Highways)    Is        1  ll    1       fzTl 

ED    ED         ED 

(Stre.es)      is        FED       LID 

ED    ED         ED 

4) 

Freeways  and  highways   receive 

(Check  all   squares   that  apply): 

Plowing 

Sanding              Salting 

Too  Much                        1  ll    1 

rm          rrn 

Too  Little                   FTTH 

rm          rm 

Satisfactory                131    1 

ED            ED 

5) 

Approximately  how  many  trips 

3n  canyon  highways   do  you  make  during  wincermonchs? 

0   to   5    CO                 5    to    10    ED                  10    «    ^     LID                Over    15      flTI 

6) 

Mincer  saow  and    ice  control  oa  caayoa  highways   is: 

Poor 

Excellent 

sn  sn 

ED    ED          ED 

7) 

Do  you  have  aay  cosmcats  concerning  winter   saow  and   ice  control  on  highways? 

FIGURE    l:    UTAH    DEPARTMENT    OF    TRANSPORTATION    PUBLIC 
OPINION     QUESTIONNAIRE 
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FIGURE  2:   AGE   OF   DRIVER-  PERCENT   OF    RESPONSE 
BY    AREA 
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FIGURE    3:  MILES    DRIVEN   PER  YEAR  -  PERCENT    OF 
RESPONSE    BY   AREA 


KEY- 

AGE 

m 

21 

or  Less 

e 

21 

To  30 

s 

31 

To  45 

d 

45  To  60 

i 

Ov 

er    60 

KEY-  MILES  DRIVEN 


<5  5-10  10-20  20-30  >30 

MILES  (THOUSANDS) 

FIGURE    4:  CROSS    TABULATION-  AGE   TO    MILES   DRIVEN 
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FIGURE    5  :   CROSS   TABULATION  ■ 
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FIGURE   6!  OPINION    OF  WINTER    MAINTENANCE    ON 
FREEWAYS-  BY  AREA 
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FIGURE   7!  OPINION  OF  WINTER  MAINTENCE 
HIGHWAYS-  BY  AREA 
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Summarizing,  the  nationwide  results  of  the  survey  indicated  52  per- 
cent felt  that  highway  conditions  were  allowed  to  deteriorate  before 
remedial  action  was  taken.  Nationwide,  two-thirds  of  the  persons 
surveyed  thought  that  states  were  doing  a  good  job  of  snowpl owing  with 
about  the  right  existing  effort.  Of  the  30  percent  who  indicated  the 
rating  of  "Poor,  More  Effort  Required,"  many  of  the  responses  in  this 
rating  came  from  persons  residing  in  the  "border"  snow  states  or  parts 
of  southern  states  which  are  infrequently  subjected  to  heavy  snowfalls. 

As  to  the  states'  use  of  chemicals  in  the  form  of  salt  and  calcium 
chloride  on  the  highway,  the  survey  did  not  specifically  question  the 
policy  of  "bare  pavements."  However,  two-thirds  of  the  respondents 
thought  the  states  were  providing  good  service  with  about  the  right 
amount  of  effort  being  expended;  21  percent  rated  the  activity  as 
"Poor,  More  Effort  Required,"  but  14  percent  thought  states  were 
expending  too  much  effort.  From  those  persons  residing  in  the 
northern  tier  of  "snow-belt"  states,  about  one-fifth  of  the  responses 
indicated  that  the  states  were  providing  too  much  effort  and  too  much 
salt  and  calcium  chloride  in  controlling  snow  and  ice. 

California,  in  their  efforts  to  evaluate  bare  pavement  snow  re- 
moval policy,  held  "150  interviews  in  ten  different  locations  within 
the  state  where"  snow  removal  and  deicing  activities  are  prevalent 
[25].  Only  results  from  respondents  who  indicated  they  have  driven 
on  the  highways  during  icy  or  snowy  road  conditions  are  reported. 
In  general,  the  findings  are  summarized  as: 

•  The  public  is  generally  pleased  with  current  snow  removal 
activities;  87  percent  believe  that  the  highways  are  kept 
in  satisfactory  condition.  Of  these,  14  percent  felt  that 
there  is  not  enough  plowing. 

•  Forty-nine  percent  believed  that  it  would  hurt  if  levels 
of  service  were  lowered.  Nineteen  percent  believed  a  few 
inches  [centimeters]  of  snow  left  on  the  highways  would  be 
all  right. 

•  Overall,  26  percent  believe  that  there  would  be  no  effect 
if  levels  of  service  were  reduced  (if  not  too  much). 

•  Only  6  percent  believed  that  it  would  help  if  levels  of 
service  were  reduced.* 

The  overall  impression  was  that  any  significant  reduction  in  levels 
of  service  will  be  met  with  resistance  by  the  public. 

Surveys  of  this  type  indicate  an  awareness  on  the  part  of  the 


*These  were  primarily  motel  owners  who  though  that  their  business 
would  increase  because  people  would  be  snowed  in. 
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public  of  snow  and  ice  activities  and  generally  support  present  levels 
of  effort  expended  [26]. 

Through  interviews,  it  was  found  that  residents  have  difficulty  in 
realistically  evaluating  the  overall  snow  removal  program.  Concerning 
all  interviewees,  32  percent  of  the  respondents  gave  no  response 
concerning  the  adequacy  of  the  municipal  snow  removal  program  [26], 

Ramsey  County,  St.  Paul,  Minnesota,  reported  in  1974,  [27]  even 
though  people  call  regarding  improved  service  during  snow  storms,  they 
generally  do  not  understand  that  the  quality  of  service  is  directly 
related  to  manpower,  equipment  and  materials  (including  fuel)  expended. 
For  the  most  part,  the  public  is  understanding  and  realizes  that  fuel 
and  manpower  supply  is  not  endless.  People  are  willing  to  settle  for 
less  in  the  way  of  traveling  convenience  as  long  as  they  know  the 
condition  is  only  temporary.  And  "temporary"  in  this  case  is  a  matter 
of  hours  until  the  road  conditions  will  improve. 

Other  forms  of  public  opinion  and  attitude  have  surfaced  in  recent 
years.  Legislation  concerning  the  use  of  deicing  chemicals  and  the 
corresponding  environmental  effects  have  ensued.  In  1971  the  Minnesota 
Legislation  limited  the  use  of  deicing  salt  or  other  chemicals  to 
"such  places  as  upon  hills,  at  intersections  or  upon  high  speed 
arterial  roadways  where  vehicle  traction  is  particularly  critical," 
and  only  if  road  authorities  feel  snow  and  ice  removal  cannot  be 
accomplished  by  other  means  within  a  reasonable  time.  Anyone  using 
more  than  one  ton  of  deicing  materials  in  any  calendar  year  is  required 
to  report  how  much  was  used  to  the  Department  of  Public  Health. 
Massachusetts  was  the  only  state  to  pass  a  regulatory  bill  since  the 
1971  Minnesota  bill . 

The  Massachusetts  bill  recognizes  that  salt  storage 
is  the  main  problem.      It  says:      "No  person  shall  store 
sodium  chloride,   calcium  chloride  or  chemically -treated 
abrasives  or  other  chemicals  used  for  the  removal  of  snow 
or  ice  on  roads  in  such  a  manner  or  place  as   to  subject  a 
water  supply  or  groundwater  supply  to  the  risk  of 
contamination.      The  Department  of  Public  Health   ...  in 
consultation  with  the  Department  of  Public  Works  may  issue 
regulations  as   to  place  or  manner  of  storage  of  such 
chemicals  and  may,   by  specific  order,    in  a  particular 
case  regulate  the  place  where  such  chemicals  may  be  used 
for  such  purpose "   [28] . 

Pennsylvania  and  Oklahoma  killed  attempts  to  pass  anti-salt  bills. 

The  latest  state  to  consider  deicing  salt  control  legislation  is 
Wisconsin.  It  was  defeated.  The  bill  would  have  required  highway  crews 
to  restrict  use  of  salt  to  extreme  highway  conditions  and  only  on  those 
parts  of  a  road  where  traction  is  especially  critical.  A  fiscal  note 
by  the  State  Department  of  Transportation,  introduced  into  the  debate, 
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estimated  it  would  have  cost  more  than  $2  million  a  year  to  institute 
a  no-salt  policy  on  state  highways.  Defeat  of  the  Wisconsin  Senate 
bill  came  during  one  of  the  major  snowstorms  of  the  winter. 

In  the  city  of  Madison,  Wisconsin,  in  1975  buoyed  by  apparently 
widespread  citizen  support,  the  City  Council  has  given  the  go-ahead 
for  a  street  salt  reduction  program  throughout  the  whole  city  for  the 
next  three  winters. 

The  reduced  salt  usage  in  residential  areas  is  aimed  at  minimizing 
damage  to  the  environment,  particularly  the  lakes,  from  salt  runoff, 
and  also  at  cutting  down  on  corrosion  of  automobiles  caused  by  salt. 

Salt  is  to  be  reduced  by  twenty  percent  this  winter,  with  an 
eventual  goal  of  a  50  percent  dropoff  by  1977-78  [29]. 

Both  forms  of  public  opinion  arising  from  legislation  and  indi- 
vidual reactions  to  winter  "drivable  conditions"  indicate  an  awareness 
on  the  public's  part  to  snow  and  ice  maintenance.  However,  caution 
should  be  exercised  when  setting  levels  of  service  based  solely  on 
citizen  outcry.  As  observed  from  the  questionnaires,  a  large  percentage 
of  the  public  are  unaware  of  the  effort  required  to  maintain  snow  and 
ice  free  road  conditions  but  are  perceptive  of  the  costs  and  problems 
associated  with  maintaining  levels  too  high. 

Sovereign  Immunity 

The  maintenance  function  as  it  relates  to  highways  has  gradually 
become  a  subject  of  concern  to  the  law  and  its  practitioners.  The 
erosion  of  the  doctrine  of  sovereign  immunity  has  helped  to  create  an 
awareness  of  maintenance,  with  special  attention  given  to  the  liability 
aspects  [23]. 

In  the  case  of  McCullin  Vs  State,  Department  of  Highways,  216  So. 
2d  832  (la.,  1968),  the  plaintiff  was  injured  in  an  accident  arising 
out  of  an  alleged  defect  in  a  graveled  road  [23].  There  was  adequate 
testimony  in  the  case  from  which  the  court  could  find  regular  mainten- 
ance and  inspection.  In  addressing  itself  to  this  point,  the  court 
said: 

The  State  of  Louisiana  owes  to  the  public  a  duty  to 
maintain  its  highways  so  they  will  be  in  a  reasonably  safe 
condition  for  the  traveling  public  at  all  times.      This 
duty  encompases  an  obligation  to  have  an  efficient  and 
continuous  system  of  inspection  of  the  highways  and  bridges. 
The  Highway  Department,   however,    is  not  required  to  maintain 
a  perfect  condition  of  inspection  but  its  officers  and 
employees  are  required  to  use  ordinary  and  reasonable  care 
in  order  to  insure  that  the  highways  and  bridges  will  be  in 
a  reasonably  safe  condition,    (cite  omitted). 
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This  duty  to  use  ordinary  care  referred  to  by  the  court  has  been 
interpreted  to  involve  an  anticipation  of  defects  which  could  result 
naturally  from  the  use  or  climatic  conditions  and  in  the  absence  of 
anticipation  thereof,  liability  may  well  ensure  [23]. 

The  case  of  Shaw  Vs  State,  290  N.Y.S.  2d  602  (N.Y.  Ct.  CI.,  1968)t, 
involved  a  wrongful  death  claim  which  resulted  from  an  accident  in  which 
the  occupant  of  a  stranded  car  was  killed  when  he  stood  conversing  with 
the  occupants  of  another  vehicle  which  had  stopped  partially  on  and 
partially  off  the  highway  and  which  was  struck  by  an  oncoming  vehicle. 
The  plaintiff  claimed  negligence  in  the  maintenance  of  the  highway. 
There  was  testimony  that  there  was  snow  on  the  road  and  that  it  was 
cold,  but  it  had  not  snowed  on  the  day  of  the  accident.  A  gusty  wind 
was  blowing,  and  conditions  were  similar  throughout  the  immediate  area 
[23]. 

In  holding  that  the  state  was  not  negligent,  the  court  said: 

...  In  the  exercise  of  reasonable  care  and  maintenance 
the  State  is  not  required  to  go  to  the   limits  of  human  ingenuity 
to  accomplish  safety  of  the  highway.      (cite  omitted)     The  brief 
period  of  time  during  which  the  snow  condition  due  to  weather 
and  gusty  wind  conditions  had  existed  was  not  sufficient  to 
constitute  constructive  notice  to  the  State  which  imposed 
negligence  on  it  for  failure  to  sand.     Mere  presence  of  snow 
or  ice  on  the  highway  in  the  wintertime  and  the  mere  fact  that 
a  vehicle  skidded  thereon  do  not  constitute  negligence  on  the 
part  of  the  State.      (cite  omitted)      Under  the  weather  conditions 
prevailing  that  afternoon  and  early  evening  there  was  an  element 
of  hazard  which  was  obvious  and  reliance  could  not  be  placed  on 
the  presumption  of  the  safety  of  the  highway.      (cite  omitted) 
The  cause  of  the  accident  cannot  be  attributed  to  the  State 
under  the  facts  herein  . . . 

It  has  further  been  held  that  the  discharge  of  the  duty  in 
accordance  with  generally  accepted  engineering  standards  and  practices 
meets  the  test  of  reasonable  care  [23]. 

In  instituting  maintenance  "standards"  it  is  necessary  to  keep  in 
mind  that  in  the  absence  of  specific  guidelines  the  courts  operate 
under  the  doctine  of  reasonabil ity.  But  where  specific  guidelines 
(standards,  policy  and  procedures,  etc.)  are  in  existence  the  court 
will  follow  them  [23]. 

Procedures  and  Policy  -  Level  of  Service 

The  level  of  service  provided  by  a  highway  agency  in  snow  and  ice 
control  is  the  key  to  estimating  the  extent  of  user  benefits,  user 
costs  and  maintenance  costs.  Here,  level  of  service  is  used  to  re- 
present a  "goal"  to  be  achieved  in  the  snow  and  ice  removal  operation. 
The  goal  may  be  thought  of  as  bare  pavement  as  soon  as  possible,  clear 
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road  within  eight  hours  after  the  storm,  road  closures 

Traditionally  levels  of  service  have  been  determined  primarily  from 
the  traffic  volume  and  highway  type.     Table  4  shows  what  criteria  is 
being  used  to  set  levels  of  snow  and  ice  control    in  the  snow-belt  states. 


TABLE  4:  FACTORS  WEIGHED  IN  DETERMINING  LEVEL  OF  SERVICE  AND/OR  PRIORITY 


STATE 

FACTORS  WEIGHED  IN  DETERMINING  THE 
LEVEL  OF  SERVICE  AND/OR  PRIORITY 

WHO  CAN  ALTER  THE 
LEVELS  SET? 

ADT 

HWY 

TYPE 

OTHER 

Arizona 
Cal ifornia 

X 
X 

X 

-  Conseuqence  of  not  providing 

appropriate  level  of  service 

-  Public  interest  and  concern 

-  Safety 

-  Potential  economic  impact 

Foreman  with  district  coordination 
District  director  working  with  head 
quarters  maintenance 

Connecticut 

Delaware 

Idaho 

111  inois 
Indiana 

X 

X 

X 
X 
X 

Bare  pavement  maintenance 
School  bus  routes 

Commission  Snow  &  Ice  control  policy 

Foreman  within  set  guidelines 

District  maintenance  superintendent 
and  foreman 

Iowa 
Kansas 
Kentucky 
Maine 

X 

X 
X 
X 
X 

3are  Pavement  -  Priority  set  by 
area  division 

Foreman  within  guides 

District  superintendent  and  foreman 

Director  of  maintenance 

Maryland 

Massachusetts 
Michigan 

Minnesota 

X 
X 

-  Emergency  routes 

-  District  Engineer  designates 
Set  by  Law 

-  Overtime  considerations 

-  Weekend  Recreational 

Missouri 
Montana 
Nebraska 
'levada 

X 
X 
X 

X 
X 

School  bus  routes 

-  Overtime  considerations 

-  Snow  plan  prepared  by  district 

Section  supervisor  and  worker 
Supervisor  in  charge 

lew  Hampshire 

New  Jersey 
New  York 
North  Carolina 

X 

X 
X 

X 
X 

-  Design  speed 

-  Grade 

Set  by  line  supervision 
Average  speeds 

Patrol  foreman 

Foreman 

Maintenance  supervisor 

North  Dakota 
Ohio 

Oklahoma 
Pennsylvania 
South  Dakota 

X 

X 
X 
X 

X 
X 
X 
X 

Access 

District  Office 
Superintendent  and  worker 

Supervisor 

Tennessee 

Texas 

Utah 

Vermont 

Virginia 

X 
X 
X 

X 

X 
X 
X 

X 

Set  by  Law 

Snow  emergency  routes 

District  engineer  and  foreman 

Local 

District  maintenance  engineer  5  foreman 

Washington 
West  Viriginia 
Wisconsin 
Wyoming 

X 
X 
X 
X 

X 
X 

X 

School  bus  routes 

-  School  bus  routes 

-  Emergency  services 

District  Headquarters 

District  supervisory  personnel 

District  maintenance  engineer  and  foreman 
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The  environmental  protection  agency  [30]  says, 

. . .priorities  for  level  of  service  should  be  based  on 
traffic  volumes  because  it  reflects  the  degree  of  difficulty 
in  snow  and  ice  control,    the  speed  of  vehicles  using  the 
roads }   and  th  skill  and  familiarity  of  the  highway  users 
traveling  on  these  roads.      Volume  of  traffic  also  reflects 
the  number  of  people  that  will  be  inconvenienced  by 
deteriorating  road  conditions.      Often,    level  of  service 
priorities  are  established  (quite  validly)   by  experience 
or  tradition. 

From  Table  4  it  is  noted  the  widewpread  variability  between  states 
on  determining  the  level  of  service  and  how  to  achieve  that  goal. 
Nowhere  was  the  level  of  service  determined  or  justified  through  an 
economic  comparison  of  road  user  savings  and  the  cost  of  maintenance, 
except  by  subjective  estimates  from  the  magnitude  of  the  traffic  volume, 
Arbitrarily  setting  levels  of  service  appears  to  be  what  many  states 
are  doing.   It  is  simple  and  direct.  Also,  it  is  not  significantly 
different  from  the  way  many  departments  now  determine  what  they  will 
do  [31].  But  this  method  has  its  shortcomings.  There  are  different 
factors  that  influence  what  level  of  service  will  be  provided  and  over 


FIGURE     31       ROAD    TO    ALTA    UTAH    -    ONE    OF    UTAH'S    MOST     DIFFICULT    SNOW 
REMOVAL    AREAS    (Courtesy  Utah  Deportment  of  Transportation) 
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reaction  may  occur  when  all  factors  are  not  considered.  For  example, 
political  pressures  may  result  in  levels  being  higher  than  warranted 
when  comparing  total  needs  of  other  segments.  Developers  build  a  ski 
resort,  apply  pressure  to  upgrade  the  road  and  then  demand  it  be  kept 
clear  enough  that  all  people  or  automotive  machines  can  get  there 
without  too  much  inconvenience.  In  arbitrarily  setting  levels  of 
service,  too  much  importance  may  be  placed  on  one  factor  [31]. 

If  one  considers  that  the  level  of  service  assigned  should  be 
consistent  with  needs  that  caused  the  road  to  be  built  originally,  then 
it  follows  that  arbitrarily  setting  levels  without  considering  these 
needs  may  result  in  providing  the  wrong  level.  Actions  taken  to  change 
levels  of  service  to  reduce  fuel  consumption  and  costs  may  actually 
cause  increases  [31 ].  Reduced  costs  to  the  department  may  be  trans- 
ferred costs  to  the  public.  For  example,  increased  costs  that  trucking 
companies  experience  because  of  closed  roads  or  increased  fuel  con- 
sumption will  ultimately  result  in  higher  freight  fees  and  in  turn  be 
passed  on  to  the  consumer.  From  economics  we  know  that  fixed  costs  be- 
come variable  costs  with  time,  thus  rate  increases  are   realistic  to 
expect.  Also,  lost  work  time  is  a  real  cost  --  to  the  employee  as 
wages  and  to  the  general  public  through  reduced  productivity.  Finally, 
if  traffic  accidents  result  from  a  change  in  levels  of  service  in- 
appropriately, judgements  may  be  awarded  against  the  department  [31 ]. 

California,  using  a  cumulative  need  factor  plotted  against  need 
factor  ranges  as  shown  in  Figure  32,  determined  break  points  for  setting 
the  levels  of  service.  The  cumulative  needs  were  arrived  at  through  a 
modified  del  phi  analysis  and  represents  the  factors  and  their  relative 
weights  shown  in  Table  5. 

The  levels  of  service  established,  based  on  the  criteria  in  Table 
4  and  the  level  of  effort  to  accomplish  this  are  summarized  in  the 
Appendix,  Table  31  (page  194  ). 

Levels  of  service  or  quality  standards  for  maintenance  operations 
have  been  developed  to  promote  state  wide  uniformity  in  maintaining 
various  aspects  of  the  highway  system.  Usually  the  levels  of  service 
are  interpreted  as  Highway  Department  policy  for  maintenance  operations, 
However,  from  Table  4,  several  states  allow  or  expect  the  area  mainten- 
ance engineer  or  maintenance  foreman  to  exercise  his  judgment  to  cover 
those  situations  that  warrant  more  or  less  effort  than  dictated  by  the 
standard  policy.  This  probably  should  be  the  case  to  allow  for 
variations  in  climate,  terrain  or  highway  characteristics  from  one 
section  to  another,  but  it  also  weakens  the  actual  uniformity  of 
service  provided  between  sections.  Therefore,  one  of  the  primary  uses 
of  the  level  of  service  policy  has  been  to  a  vehicle  for  establishing 
budget  allocations  and  equipment  needs  to  the  various  maintenance 
districts  to  combat  snow  and  ice  with. 
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Route   Segments  -  Cummulative  Number 


TABLE  5:   CUMULATIVE  NEED  FACTORS  AND  THEIR  RELATIVE  WEIGHTS  [199] 


ROUTE 

10 
ADT 

15 
POLITICAL 
PRESSURE 

12 

ECONOMIC 

IMPACT 

10 

HWY 

USE 

5 
ACC 
PROB 

10 
EMERG 
VALUE 

5 

POP 
DENSITY 

TOTAL 

02-SHA 
515-15 

11,000   17,500 
10 

15 

8 

10 

1 

10 

5 

59 

03-ED-50 

24,000   32,600 
10 

15 

10 

8 

5 

7 

4 

59 

03-PLA-28 

4,000    6,800 
6 

9 

4 

6 

3 

5 

4 

37 

03-ED 
NEV  1-80 

11,000   21,000 
10 

15 

10 

10 

1 

10 

5 

61 

03-PLA-89 

6,400    9,000 
8 

11 

4 

6 

3 

6 

3 

41 

9-NM0-203 

8,600   10,400 
9 

12 

8 

4 

3 

4 

4 

44 

03-PLA-267 

3,000    5,000 
5 

7 

4 

6 

4 

4 

2 

32 

02-SHA-299 

7,500    5,000 
6 

12 

7 

6 

3 

4 

4 

42 

10-TU0-108 

5 

11 

6 

6 

3 

4 

3 

38 
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Budgeting 

The  methods  of  projecting  money  needs  to  establish  a  budget  for 
snow  and  ice  control  vary.  The  most  common  budget  source  is  through 
legislative  action  which  considers  a  budget  request  and  then  issues  a 
budget  for  the  maintenance  activity.  A  severe  winter  which  might 
necessitate  a  larger  budget  than  that  allocated  by  the  legislature 
would  have  to  come  from  a  general  fund  or  be  subsidized  by  the 
legislature.  Some  states  essentially  allow  an  open  ended  budget  for 
snow  and  ice  control,  and  the  gasoline  tax  may  be  temporarily  regulated 
to  reimburese  the  costs  for  snow  control  in  an  exceptional  winter.  This, 
in  effect,  leaves  the  budget  virtually  unlimited  for  this  acitivity. 
To  accommodate  for  fluxuating  winters  in  terms  of  dollars  required  to 
maintain  a  set  snow  plan,  some  states  operate  on  a  revolving  or  pro- 
gressive budget.  That  is,  a  budget  is  such  that  it  must  be  balanced 
on  a  sliding  three  or  five  year  basis,  rather  than  eyery  year.  If  the 
dollar  demand  is  high  one  year  and  is  more  than  that  year's  budget 
estimate,  then  it  may  be  made  up  the  following  year  if  a  sub-severe 
winter  occurs  when  the  snow  removal  expenses  are  lower  than  those 
estimated.  States  who  must  work  within  the  budget  established  for  each 
year  can  not  allow  variance  for  over  expenditures.  Some  allow 
expenditures  to  go  into  the  red  and  be  replenished  by  legislative  action 
at  a  later  date  and  some  may  not  operate  when  expenditures  dip  below 
that  set  aside  for  the  year. 

Ohio  has  developed  a  linear  equation  for  estimating  snow  removal 
costs  for  the  state  and  uses  this  equation  to  allocate  the  budget 
between  districts  for  snow  and  ice  control.  This  development  began  with 
the  collection  of  data  relating  to  snow  and  ice  control  from  approxi- 
mately 4800  kilometers  (3000  miles)  of  Ohio  highways.  Four  items,  or 
influence  areas  were  used  in  the  method  for  measuring  the  quality  of 
maintenance,  [34]  and  these  are: 

•The  physical  integrity  of  the  elements  of  the  highway, 
•The  safety  of  the  facility  for  the  user, 
•The  rideability  of  the  pavement,  and 
•The  aesthetics  of  the  highway. 

Ohio  found  ice  and  snow  removal  provides  a  service  to  the  user. 
The  elimination  of  the  influence  of  ice  and  snow  on  the  roads  increases 
both  the  safety  and  the  rideability  of  the  road.  The  sooner  the  road 
conditions  are  brought  back  to  normal  the  more  effective  the  mainten- 
ance operation  is  considered  to  be.  Therefore,  the  approach  taken  to 
evaluate  the  quality  of  ice  and  snow  removal  was  to  measure  the  length 
of  time  that  a  road  was  not  in  a  normal  condition.  This  was  called  the 
storm  impact  period  and  defined  as  the  interval  from  the  start  of  the 
storm  to  the  time  when  the  pavement  becomes  completely  clear.  The  storm 
impact  period  is  believed  to  be  a  function  of  the  following  variables: 
storm  duration,  snowfall,  traffic,  temperature,  daylight,  wind 
velocity,  and  time  interval  between  start  of  storm  and  initiation  of 
maintenance  operation  on  the  road. 
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Through  multiple  linear  regression  analysis,  these  variables  were 
generated  to  establish  the  need  or  budget  to  be  allocated  for  snow  and 
ice  control.  The  variable,  ice  storms  was  found  to  have  the  most 
significant  effect  on  budget  needs,  but  since  this  data  has  not  been 
recorded  by  weather  stations  in  the  past,  this  variable  had  to  be 
released  from  the  final  multiple  regression  model.  The  only  drawback 
is  that  when  approximately  twenty  years  of  climatic  data  is  used  for 
input  to  predict  the  upcoming  years  snow  removal  needs,  the  only 
variable  that  varies  from  location  to  location  is  the  Average  Daily 
Traffic  (ADT).  Consequently,  two  interstate  highways  side  by  side,  one 
with  80,000  vehicles  per  day  and  one  with  100,000  vehicles  a  day  would 
receive  a  20%  difference  in  budget  allocations  to  combat  the  snow  and 
ice.  However,  Ohio  has  found  this  method  to  work  satisfactory  for 
establishing  budget  needs  and  allocations  of  money  for  snow  and  ice 
control . 

The  question,  "If  you  budget  for  snow  and  ice  control,  how  is  the 
budget  established?"  was  asked  of  the  snow  belt  states  by  questionnaire, 
and  the  responses  indicated  that:  The  most  common  form  of  budget 
allocations  is  based  on  history  or  previous  years  experience.  The 
total  budgeted  amount  for  snow  and  ice  control  as  it  relates  to  total 
maintenance  dollars  in  snow  states  was  also  asked,  and  their  values 
are  summarized  in  Tables  6  and  7. 

A  snow  and  ice  control  budget  is  related  directly  to  the  severity 
of  the  winter.  From  an  operational  standpoint,  we  can  staff  to 
accommodate  a  certain  rate  of  all;  but  from  a  budgetary  standpoint,  it 
is  more  important  to  think  in  terms  of  total  accumulation  and  duration. 
By  comparing  staffing  levels  (as  set  by  the  snow  plan)  with  the  total 
number  of  hours  of  expected  plowing,  a  budget  can  be  developed  in 
terms  of  labor.  Material  and  equipmement  can  then  be  calculated  by 
applying  applicable  standards. 

The  budget  must  be  based  on  an  "average"  winter.  Because  severity 
varies  considerably  from  winter  to  winter,  it  should  not  be  expected 
that  the  budget  predicted  will  always  be  close  to  actual.  But 
assuming  a  normal  probability  distribution,  using  the  average  winter 
is  most  logical  from  a  planning  standpoint. 

Productivity 

Productivity  as  it  relates  to  industry  where  it  is  monitored 
based  on  number  of  units  built  per  time,  etc.,  becomes  a  valuable  tool 
in  decision  making  to  increase  profits.  Productivity,  as  applied  to 
highway  maintenance,  particularly  snow  and  ice  control,  is  slightly 
more  ambiguous.  Guardrail  repair  may  be  evaluated  on  an  average  time 
schedule,  but  snow  removal  is  not  so  easily  quantified.  Time  is  an 
indispensable  element  for  evaluation  of  productivity.   If  it  is  geared 
such  that  the  desired  job,  (removal  of  snow  and  ice  as  the  goal)  with- 
out specifying  the  time,  no  work  would  be  required.  Given  enough  time, 
nature  will  remove  all  winter  traces  from  the  highway  in  due  course, 
thus  the  desired  productivity  will  have  been  achieved. 
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There  is  a  profit  factor  in  winter  maintenance,  but  the  question  of 
how  to  measure  this  profitability  as  a  function  of  maintenance 
productivity  remains.  Pennsylvania  [35]  proposed  that  in  place  of 
profits,  the  level  of  service  be  measured  that  is  provided  the  public 
as  in  Figure  33. 


Costs 
Dollars 

Benefits 

Effects   of    Service 

FIGURE   33!  MODEL    IN   WHICH    BENEFITS   ARE    MEASURED   VIA   THE    EFFECTS 

OF    SERVICE  (35) 


The  alternative  form  is  some  quantitative  or  accounting  compilation 
of  the  service  activity  itself.  The  effects  on  service  would  include 
volume  of  traffic,  number  of  accidents,  etc.,  while  number  of  miles  of 
highway  plowed,  tons  of  antiskid  material  spread,  actual  time  required 
to  service  all  roads,  etc.,  are  measures  of  the  service  activity  itself. 
Figure  33  denotes  the  model  in  which  benefits  are  measured  via  the 
effects  of  service:  Figure  34  denotes  the  model  in  which  benefits  are 
measured  according  to  some  quantitative  accounting  of  the  actual  service 
activity: 


Costs 
Dollars 

Benefits 

Service    Units 

FIGURE    34    MODEL    IN  WHICH    BENEFITS    ARE    MEASURED   ACCORDING 
TO    SOME    QUANTITATIVE    ACCOUNTING  OF  THE    ACTUAL    SERVICE 

ACTIVITY   (35) 

It  was  decided  to  concentrate  on  the  strategy  indicated  by  Figure 
34  [35].  "Cost  Effectiveness  Studies  of  Antiskid  and  Deicing  Programs 
in  Pennsylvania"  contains  a  summary  of  the  results  of  the  research 
that  was  published  in  separate  interim  reports  which  include  models  of 
optimum  policies  for  purchasing  of  materials,  management  controls,  cost 
analysis  and  evaluation,  and  a  model  for  the  dispatching  and  routing  of 
equipment.  Each  of  these  models  is  concerned  with  cost  of  maintenance 
versus  level  of  service;  the  procedure  has  been  to  develop  models  for 
maximizing  levels  of  service  for  a  fixed  budget,  as  in  the  case  of 
the  routing  model,  minimizing  cost  for  a  fixed  level  of  service,  as 
in  the  cost  analysis  and  regression  models. 
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In  NCHRP  #42,  [36]  the  states  of  Texas,  New  York,  California, 
Florida  and  Ohio  were  used  to  evaluate  units  of  maintenance  productivity. 
These  observations  included  many  different  successful  methods  which 
are  employed  by  maintenance  crews  and  the  versatility  and  ingenuity  of 
those  planning  maintenance  work.  Most  of  the  procedures  were  well 
planned,  within  the  limitations  which  affected  the  planning.  The 
studies  view  to  improving  or  optimizing  the  procedures  pinpointed  the 
fact  that  for  a  maintenance  operation  there  is  seldom  a  single  optimized 
procedure  that  is  fully  applicable  at  a  great  number  of  locations. 
Limitations  are  related  to  the  design  and  operational  characteristics 
of  the  highway,  the  types  of  equipment  available  and  a  variety  of  other 
local  factors  [36]. 

For  the  development  of  a  quantitative  measure  of  Interstate 
maintenance  requirements,  expressed  in  terms  of  the  labor,  equipment 
and  material  units,  it  was  necessary  to  explore  the  relationship  between 
the  work  load  being  generated  by  each  test  section  and  the  various 
physical,  environmental  and  traffic  factors  having  a  potential  in- 
fluence on  the  work  load. 

In  some  instances,  work  load  can  be  measured  in  terms  of  the  amount 
of  work  needed  to  correct  a  roadway  deficiency  (e.g.,  yards  of  patching, 
lineal  feet  of  joint  sealing,  acres  of  mowing).  In  other  instances, 
the  appropriate  measure  will  be  the  labor,  equipment  and  material  units 
needed  to  remedy  a  deficient  condition,  such  as  with  snow  and  ice 
control . 

This  suggests  that  the  best  measure  of  work  load  is  the  labor, 
equipment  and  material  investment  rather  than  a  quantitative  measure  of 
the  work.  An  evaluation  of  work  load  in  labor,  equipment  and  material 
units  more  readily  accommodates  the  widely  divergent  job  sizes  and 
procedures  associated  with  each  of  the  maintenance  activities  [36].  Of 
course,  built  into  the  reported  labor,  equipment  and  material 
expenditures  are  potential  crew  inefficiencies,  low  production 
activities,  and  variations  in  the  adequacy  of  accomplishment. 

For  the  states  evaluated,  a  regression  model  was  established  to 
estimate  the  costs  associated  with  snow  and  ice  control. 

The  data  were  adjusted  to  produce  comparable  units  of  labor,  equip- 
ment and  material  for  the  various  test  sections;  i.e.,  the  units  reflect 
values  of  equal  magnitude. 

The  adjusted  snow  and  ice  control  expenditures  for  the  centerline- 
mile  equivalent  of  four  lane-miles  were  used  as  the  dependent  variable 
in  the  evaluation  of  snow  and  ice  control  requirements.  The  following 
independent  variables,  regressed  against  the  dependent  expenditures, 
resulted  in  variables  3,  4,  5,  and  8  being  selected  for  the  final 
regression  model : 

1.  Average  annual  precipitation. 
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2.  Precipitation  from  November-April. 
[3.]  Snowfall,  in  inches. 
[4.]  Days  of  snowfall . 
[5.]  Days  of  snow  cover. 

6.  Average  annual  temperature. 

7.  Average  temperature  (November-April). 

[8.]  Number  of  days  when  maximum  temperature  is  below  0°C  (32°F). 

9.  Number  of  days  when  minimum  temperature  is  below  0°C  (32°F). 

10.  Number  of  days  when  minimum  temperature  is  below  -18°C  (0°F). 

11.  Urban  and  rural  location. 

12.  Average  daily  traffic  volume. 

13.  Average  mean  maximum  temperature. 

14.  Average  mean  minimum  temperature. 

15.  Terrain  factor. 

The  multiple  correlation  value  was  quite  good  (0.975)  and  was  the 
best  of  all  the  correlation  values  derived  from  the  various  models  of 
maintenance  requirements.  The  range  of  expenditures  used  for  the 
dependent  variables  varied  from  0  to  5,500  units  per  four  lane-miles. 
The  standard  error  of  the  estimate  was  372  units,  meaning  that  with 
95  percent  confidence  the  model  predicts  snow  and  ice  removal  require- 
ments within  744  units  per  four  lane-miles.  An  examination  of  the 
residual  values  (difference  between  given  and  predicted  requirement 
units)  revealed  that  all  values  but  one  fell  within  the  confidence 
limits  predicted.  During  the  observation  period,  the  one  exception 
received  only  one-half  the  normal  snowfall  for  that  area.  The  fact 
that  more  expenditures  were  reported  than  the  model  would  predict 
could  have  been  the  result  of  the  fact  that  many  built-in  expenses  were 
geared  to  handle  twice  the  snowfall  actually  experienced. 

The  final  regression  model  for  snow  and  ice  control  was 

Y18  =  14.8  X]  -  37.5  X2  +  24.3  X3  +  51.0  X4  (6) 

in  which 

Y,„  =  Snow  and  ice  control  maintenance  requirement  units  per 
four  lane-miles  of  Interstate  highway  or  its  equivalent 
in  interchanges  or  multilane  pavements; 

X-j  =  Average  annual  snowfall,  in  inches; 

X?  =  Number  of  days  of  snowfall  (including  days  of  "trace 
snowfall ) ; 

X3  =  Number  of  days  with  snow  cover  on  the  ground;  and 

X4  =  Number  of  days  when  maximum  daily  temperature  was 
below  0°  C  (32°F). 
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An  optimum  job  of  snow  removal  must  be  based  on  many  factors; 
traffic,  weather,  highway  and  many  other  variables  difficult  or 
impossible  to  control.  For  instance,  the  optimum  snow  removal  plow- 
ing function  may  be  once  every  five  hours  for  one  storm,  at  a 
frequency  of  half  that  again  for  another  storm.  Therefore,  it  seems 
appropriate,  that  after  a  level  of  service  or  goal  has  been  established, 
the  maintenance  procedures  to  attain  that  goal  with  the  resource 
constraints  imposed  such  as  equipment,  fuel,  manpower,  materials,  etc., 
should  be  used  to  their  optimum  efficiency,  assuming  the  work  or 
goal  is  achieved. 

By  this  means  the  productivity  (achieved  level  of  service  per 
storm)  is  improved  through  more  efficient  use  of  resources  on  hand  to 
combat  the  storm.  Not  all  procedures,  materials,  etc.,  will  attain 
the  same  degree  of  efficient  results  from  storm  to  storm  or  even 
between  geographic  areas,  therefore  a  list  of  inefficient  practices 
to  be  avoided  is  needed  to  facilitate  the  most  productive  job  for  a 
given  situation. 

To  measure  the  productivity  therefore  requires  a  means  to  monitor 
the  costs  per  storm  to  achieve  the  desired  level  of  service.  Only  in 
this  way  will  the  highway  administrator  know  if  a  change  in  resources 
such  as  equipment  or  materials  is  providing  higher  or  lower  costs  to 
achieve  the  level  of  service,  thus  properly  evaluating  productivity. 

Several  states  and  documents  relate  evidence  as  to  how  and  why  unit 
costs  can  be  monitored   for  maintenance  activities  [36].  Probably  the 
most  effective,  that  can  isolate  costs  on  a  storm  basis  for  manpower, 
equipment  or  materials  is  the  use  of  some  sort  of  management  system. 

Quality  standards  control  how  well  the  maintenance  is  done;  quantity 
standards,  when  combined  with  the  road  and  equipment  inventory,  define 
the  work  load  required  to  meet  the  quality  standards;  productivity 
standards  define  how  much  manpower,  eqiuipment,  and  materials  are 
required  to  meet  the  work  load.  Managers  must  be  aware  that  mainten- 
ance program  budgeting  requires  a  commitment  of  personnel  and  that 
there  are  several  pitfalls  that  must  be  avoided.  In  general,  program 
budgeting  using  performance  standards  can  give  maintenance  managers 
a  method  of  cost  control  not  otherwise  available  to  them. 

P.J.F.  Wingate  of  the  Road  Research  Laboratory  of  Great  Britain 
described  the  measures  of  productivity  used  in  Great  Britain  and 
emphasized  the  use  of  performance  standards  in  this  process  [37]. 
Some  of  the  measures  of  productivity  described  by  him  were  actual  hours 
divided  into  standard  hours,  actual  hours  divided  into  wages,  standard 
hours  divided  into  wages,  budget  standard  hours  divided  into  standard 
hours  work,  and  budget  unit  cost  divided  into  actual  unit  cost.  He 
concluded  that  the  direct  assessment  of  productivity  is  cumbersome  to 
make  and  not  yery   effective  for  controlling  labor  forces  used  in  high- 
way maintenance.  However,  the  modified  approach  through  performance 
standards  to  determine  effective  performance  was  considered 
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indispensable  for  a  proper  control  of  labor  utilization. 

To  instigate  a  management  system  responsive  to  the  needs  of  snow 
and  ice  control ,  six  basic  components  must  be  identified: 

1.  Criteria  for  maintenance  levels 

2.  Maintenance  levels 

3.  Work  load 

4.  Resource  requirements 

5.  Records  and  reports 

6.  Procedures  for  management  planning,  evaluation,  and  control. 

The  major  elements  of  maintenance  management  are  closely  related  and 
somewhat  overlapping,  and  each  must  be  given  adequate  emphasis  if  an 
engineering  administrator  expects  to  manage  his  program  adequately,  but 
if  it  is  not  carried  out  properly  with  adequate  follow-up,  the  plan  is 
worthless  [38]. 

Contract  Maintenance  for  Snow  and  Ice  Control 


Agencies  responsible  for  snow  and  ice  control  have  a  considerable 
investment  in  equipment  inventory  and  maintenance  costs  allocated  for 
this  purpose.  Therefore  it  is  essential  that  proper  planning  in  terms 
of  snow  removal  capacity  or  capability  of  a  particular  maintenance 
station  be  determined  in  conjunction  with  year  round  maintenance  needs. 
Staffing  and  equipping  for  the  maximum  snow  storm  will  yield  an 
inefficient  utilization  of  resources  for  the  remainder  of  the  season 
and  being  prepared  for  a  storm  that  does  not  adequately  represent  the 
most  probable  storm  will  require  over  working  the  resources  available 
to  combat  the  storm  or  require  lowering  the  level  of  service  for 
intermittent  periods  of  time,  which  may  be  beyond  the  maintenance 
managers  control  to  avoid. 

Tables  8  through  12  illustrate  the  variability  between  states  that 
has  heen  recorded  for  extreme  snow  conditions  [39] .  These  values  are 
not  representative  of  normal  conditions  and  therefore  should  not  be 
used  for  allocating  resource  capacity  to  maintenance  stations. 

Table  13  lists  the  most  probable  storm  to  be  expected  in  a  ten 
year  period  (10  year  snowfall),  this  may  be  done  on  a  yearly  basis 
too.  This  number  may  be  the  most  realistic  in  terms  of  evaluating 
snow  removal  needs  or  budgets,  but  certainly  not  peak  snow  storms. 

Presently,  contract  maintenance  or  various  forms  of  equipment 
rental  is  not  uncommon,  specifically  in  areas  where  constant  demands 
are  most  readily  projected.  This  includes  bridge  painting,  surface 
repairs,  painting  of  guardrail,  and  application  of  chemicals  for 
vegetation  control.  Contract  maintenance  also  is  performed  in  one 
or  more  states  for  highway  mowing,  concrete  pavement  patching, 
bridge  repairs,  storage  and  shop  building  repairs,  mudjacking  of 
pavements,  maintenance  of  traffic  signals  and  lighting  systems, 
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TABLE  8:  GREATEST  AMOUNT  OF  SNOWFALL,  24-HOUR  PERIOD  [39] 


STATE 

AMOUNT 

cm 

Inches 

DATE 

LOCATION 

Arizona 

78.7 

31.0 

Dec. 

13,    1915 

Flagstaff 

Cal ifornia 

152.4 

60.0 

Jan. 

18-19,   1933 

Giant  Forest 

Colorado 

192.5 

75.8 

Apr. 

14-15,   1921 

Silver  Lake 

Idaho 

66.0 

26.0 

Jan. 

15,   1952 

Arco 

Montana 

76.2 

30.0 

Oct. 

29,   1951 

Summit 

Nevada 

55.9 

22.0 

Jan. 

12,   1952 

University 

New  Mexico 

76.2 

30.0 

Dec. 

29,   1958 

Sandia  Crest 

Oregon 

71.1 

28.0 

Dec. 

10,   1919 

Bend 

Utah 

88.9 

35.0 

Feb. 

9,   1953 

Kanosh 

Washington 

132.1 

52.0 

Jan. 

21,   1935 

Winthrop 

Wyoming 

86.4 

34.0 

Jan. 

28,   1933 

Bechler  River 

TABLE  9:  GREATEST  AMOUNT  OF  SNOWFALL  IN  SINGLE  STORM  PERIOD  [39] 


AMOUNT 

STATE 

DATE 

LOCATION 

cm 

Inches 

Arizona 

137.2 

54.0 

Dec. 

29-31,   1915 

Flagstaff 

Cal ifornia 

378.5 

149.0 

Jan. 

11-17,   1952 

Tahoe 

Colorado 

358.1 

141.0 

Mar. 

23-30,   1899 

Ruby 

Idaho 

132.1 

52.0 

Jan. 

12-16,   1952 

Sun  Valley 

Montana 

116.8 

46.0 

Mar. 

31-Apr.3,   1954 

Summit 

Nevada 

111.8 

44.0 

Jan. 

14-16,   1952 

Marletto  Lake 

New  Mexico 

101.6 

40.0 

Dec. 

14-15,    1959 

Corona 

Oregon 

137.2 

54.0 

Nov. 

17-20,    1921 

The  Dalles 

Utah 

162.6 

64.0 

Dec. 

2-7,    1951 

Alta 

Washington 

327.7 

129.0 

Feb. 

24-26,   1910 

Laconia 

Wyoming 

132.1 

52.0 

Jan. 

15-19,   1937 

Bechler  River 

TABLE  10:  GREATEST  AMOUNT  OF  SNOWFALL  IN  A  CALENDAR  MONTH  [39] 


STATE 

AMOUNT 

DATE 

LOCATION 

cm 

Inches 

Arizona 

Cal ifornia 

Colorado 

Idaho 

Montana 

Nevada 

New  Mexico 

Oregon 

Utah 

Washington 

Wyoming 

266.2 
990.6 
632.5 
257.8 
312.4 
271.3 
223.5 
650.2 
419.1 
922.0 
478.8 

104.8 
390.0 
249.0 
101.5 
123.0 
107.0 
88.0 
256.0 
165.0 
363.0 
188.5 

Jan.    1949 
Jan.    1911 
Mar.    1899 
Jan.    1952 
Jan.    1954 
Jan.    1950 
Jan.    1915 
Jan.    1933 
Mar.    1948 
Jan.    1925 
Jan.    1933 

Flagstaff 

Tamarack 

Ruby 

Island  Park  Dam 

Summit 

Glenbrook 

Anchor  Mine 

Crater  Lake 

Alta 

Paradise  R.S. 

Bechler  River 
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TABLE  11:  GREATEST  AMOUNT  OF  SNOWFALL  IN  A  SEASON  [39] 


STATE 

AMOUNT 

DATE 

LOCATION 

cm 

Inches 

Arizona 

218.4 

104.8 

Feb. 

8,    1949 

Bright  Angel 

Cal  i  form' a 

1 ,145.5 

451 

Mar. 

10,   1911 

Tamarack 

Colorado 

545.2 

254 

Mar. 

30,    1899 

Ruby 

Idaho 

462.3 

182 

Feb. 

20,    1954 

Mullan   Pass 

Montana 

335.8 

132 

Apr. 

3,    1954 

Summit 

Nevada 

355.6 

140 

Mar. 

19,    1952 

Marletto  Lake 

New  Mexico 

182.9 

72 

Feb. 

28,    1915 

Anchor  Mine 

Orgeon 

614.7 

242 

Mar. 

18,    1927 

Crater  Lake 

Utah 

454.7 

179 

Apr. 

5,    1958 

Alta 

Washington 

932.2 

367 

Mar. 

9,    1956 

Paradise  R.S. 

Wyoming 

243.8 

96 

Mar. 

3,    1939 

Bechler  River 

TABLE  12  GREATEST  SNOW  DEPTH  OF  RECORD  [39] 


STATE 

AMOUNT 

cm 

Inches 

DATE 

LOCATION 

Arizona 

539.0 

212.2 

1940-41 

Bright  Angel 

Cal ifornia 

2,245.4 

884.0 

1906-07 

Tamarack 

Colorado 

2,062.2 

811.9 

1936-37 

Wolf  Creek  Pass 

Idaho 

903.0 

355.5 

1951-52 

Island  Park  Dam 

Montana 

1,032.5 

406.5 

1958-59 

Kings  Hill 

Nevada 

782.3 

308.0 

1951-52 

Marietto  Lake 

New  Mexico 

1 ,087.1 

428.0 

1914-15 

Anchor  Mine 

Oregon 

2,232.7 

879.0 

1932-33 

Crater  Lake 

Utah 

1,684.0 

663.0 

1951-52 

Alta 

Washington 

2,540.8 

1000.3 

1955-56 

Paradise  R.S. 

Wyoming 

1 ,248.7 

491.6 

1932-33 

Bechler  River 

TABLE  13:  MOST  PROBABLE  STORM  TO  BE  EXPECTED  IN  10  YEAR  PERIOD  [39] 


Average 

Annual 

Projected 

Average  Liquid 

Ratio 

Liquid-Snow 

STATION 

Snow 

Fall 

1    in   10  Yrs 
Snowfal 1 

Precipitation 

Liquid-Snow 
Annual 
(1:10) 

Ratio 
N. ,D.  ,JF.M 

Record  in  Hour 
Maxi  linn  Snowfall 

cent. 

Inches 

cent. 

Inch 

cent. 

Inches 

cent. 

Inches 

Mnth/YR. 

Buffalo 

271.3 

106.8 

488 

192 

82.02 

32.29 

3.3   to   1 

1.3  to  1 

Rochester 

209.0 

82.3 

373 

147 

80.62 

31.74 

3.8  to  1 

1.5   to   1 

Hartford 

103.1 

40.6 

185 

73 

102.82 

10.48 

10.0  to  1 

4.7   to   1 

41  .9 

16.5 

3/21 

Boston 

100.0 

42.5 

193 

76 

98.45 

38.76 

9.1    to  1 

4.1    to   1 

48.3 

19.0 

3  /   49 

Providence 

84.3 

33.2 

150 

59 

100.66 

39.63 

12.0  to  1 

5.4    to   1 

38.1 

15.0 

1    /   43 

Pittsburgh 

98.3 

38.7 

175 

69 

94.01 

37.01 

9.2   to  1 

3.6  to  1 

Harrisburg 

84.3 

33.2 

150 

59 

91.47 

36.01 

10.3  to  1 

4.0  to  1 

J.F.K. 

77.0 

30.3 

137 

54 

109.78 

43.22 

14.2   to   1 

5.8  to   1 

65.5 

25.8 

12  /   47 

Newark 

76.7 

30.2 

124 

49 

126.90 

49.96 

16.5  to   1 

5.6  to   1 

66.0 

26.0 

12  /   47 

Philadelphia 

49.8 

19.6 

89 

35 

104.47 

41.13 

21.0  to  1 

7.9   to   1 

53.3 

21.0 

12/09 

Bal timore 

54.1 

21.3 

97 

38 

108.18 

42.59 

20.0  to  1 

7.6  to   1 

62.2 

24.5 

1    /   22 

Dulles 

51.1 

20.1 

91 

36 

96.60 

38.03 

18.9  to  1 

6.9  to  1 

Washington 

37.3 

14.7 

66 

26 

103.05 

40.57 

27.6  to  1 

9.6  to   1 

63.5 

25.0 

1   /  22 

Richmond 

30.5 

12.0 

53 

21 

126.95 

49.98 

41.6  to   1 

13.0  to  1 
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maintenance  of  pumping  stations,  and  application  of  traffic  lines  and 
markings.  The  amount  and  extent  of  work  varies  from  state  to  state. 

The  AASHTO  Committee  for  Maintenance  [32],  is  1973  polled  states 
on  their  use  of  performing  maintenance  activities  by  contract.  The 
questions  were  structured  to  evaluate  the  type  of  maintenance  projects 
conformable  to  contracts.  They  summarized  that  "the  work  schedule 
of  maintenance  forces  is  usually  divided  into  major  maintenance  pro- 
grams, normal  maintenance  operations  and  emergency  operations." 
Therefore  the  major  and  normal  type  of  maintenance  operations  are  more 
readily  adaptable  to  contracting  out  the  work.  Most  maintenance 
work  activities  have  suitable  conditions  for  maintenance  contracts 
where  the  work  can  be  identified  by  some  measurable  unit,  an  estimate 
can  be  made  for  budgeting,  the  work  can  be  described  by  plans  and 
specifications  and  scheduled  in  advance. 

Seven  states  reported  contracting  part  of  their  snow  and  ice 
removal  activities,  which  involved  83  contracts.  Of  the  states 
utilizing  maintenance  for  snow  and  ice  control,  equipment  rental  was 
reported  in  the  range  of  $12.7  million,  and  $0.6  million  for  equipment 
rental  on  other  maintenance  operations  which  amounts  to  a  total  of 
approximately  $13.3  million.  Materials  supplied  by  contract  amounted 
to  $25.6  million  for  snow  and  ice  control  and  $72.9  million  for  other 
maintenance  materials  which  amounts  to  an  approximate  total  of  $98.5 
million  or  25.6  percent  of  the  total  amount  contracted. 

In  this  survey,  some  of  the  reasons  given  for  not  contracting  part 
or  all  of  the  snow  and  ice  maintenance  are: 

--  Part  of  our  contract  work  is  of  an  emergency  nature  so 
many  contractors  are  not  prepared  to  go  to  work  on 
short  notice  due  to  other  schedules;  therefore,  the 
time  element  becomes  a  problem. 

--  Lack  of  flexibility  except  in  specialized  operations. 
Cost  is  considerably  more. 

--  Time  required  for  the  preparation  and  processing  of  contract 
documents.  Establishment  of  an  inspection  force  to  insure 
proper  execution  of  the  required  work  to  be  performed. 

--  Material  delivery  by  contract  is  often  slow  and  has  an 
adverse  effect  on  our  program. 

--  Contractor  does  not  complete  the  work  on  schedule. 

--  On  routine  maintenance  contracts  the  contractor  response 
is  not  as  quick  as  with  State  employees. 

Contract  maintenance  for  snow  and  ice  control  may  or  may  not  be 
appropriate  for  a  given  set  of  circumstances.  One  area  where  potential 
savings  may  be  realized  on  an  annual  basis  is  to  contract  portions  of 
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snow  and  ice  removal  out  to  accommodate  the  peak  demand  from  extreme 
snow  storms  on  highways  that  require  a  minimum  level  of  service  or 
which  cannot  be  closed  for  even  short  periods  of  time.  This  criteria 
coupled  with  a  maintenance  section  with  a  large  fluctuation  in  summer 
and  winter  maintenance  demand  should  look  seriously  at  implementing  a 
form  of  maintenance  work  by  contract. 

Chain  Laws 

To  reduce  the  direct  maintenance  cost  of  providing  high  levels  of 
service  on  snow  and  ice  convered  highways,  some  agencies  have  adopted 
a  "chain  law"  or  modified  form  of  regulation  requiring  traction  aid 
devices  on  vehicles  during  inclement  weather.  It  is  believed  from  the 
safety  aspect,  a  lower  level  of  effort  does  not  necessarily  compromise 
safety  to  the  roadway  user. 

Most  agencies  using  some  form  of  traction  aid  law  has  implemented 
it  in  the  form  of:  chains  will  be  required  when,  in  the  judgment  of 
the  responsible  supervisor  on  duty,  snow  and  ice  conditions  make  it 
difficult  for  the  average  driver  to  control  his  vehicle. 

Table  14  summarizes  states  with  traction  aid  restrictions  for 
certain  poor  weather  conditions.  These  states  have  estimated  that  the 
cost  to  keep  traffic  flows  comparable  to  their  present  efficiency  should 
they  not  have  traction  aid  regulations,  would  be  considerably  greater. 
States  such  as  West  Virginia  maintain  "chains  must  be  on  all  equipment 
before  going  to  plow  snow."  [40] 

California  has  had  very   good  experience  with  a  chain  law,  and  has 
TABLE  14:  STATES  THAT  CAN  REQUIRE  TRACTION  AIDS 


STATE 

TO  WHAT  EXTENT  CAN 
RESTRICTIONS  BE  MADE 

RESPONSIBILITY  FOR 
DETERMINING  WHEN  NECESSARY 

RESPONSIBILITY 
FOR  ENFORCING 

CHAINS 
ONLY 

CHAINS  OR 
SNOW  TIRES 

MOST 
AIDS 

Arizona 
Cal ifornia 
Colorado 
Delaware 

X 

X 

X 
X 
X 
X 

Highway  Patrol  &  Highway  Department 
Highway  Department 
Highway  Department 
Municipal i ties 

Highway  Patrol 
Highway  Patrol 
Highway  Patrol 
Local  Police 

Maine 
Maryland 
Missouri 
Montana 

X 
X 
X 
X 

Municipal ities 
Municipal i  ties 
Municipal ities 
Not  Available 

Local  Police 
Local  Police 
Local  Police 
Not  Available 

Nebraska 
Nevada 
Ohio 
Pennsylvania 

X 

X 
X 
X 

Municipal ities 
Highway  Department 
Municipal ities 
Municipal i  ties 

Local  Police 

State  or  Local  Police 

Local  Police 

Local  Police 

Utah 

Virginia 
Washington 
Wyoming 

X 

X 
X 
X 

Highway  Department 

Municipal ities 

Highway  Department 

Highway  Patrol  &   Highway  Department 

Highway  Patrol 
Local  Police 
Highway  Patrol 
Highway  Patrol 
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FIGURE    35!  VARIOUS    TYPES   OF    TRACTION   AIDS   (Courtsey  of  The  Notional   Safety  Council  ) 
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Driving  Axle 

Non  -  Driving   Axle 

Wheel  -  No  Chains 


LEGEND 

►»»  Chain  Or  Belt  Drives  Between  Rear  Axle 
-V  Single,  Double  Chains  Interchangeable 
I       Wheel  With  Chains 


Note:    Snow  Conditions 

May   Permit  Lesser 
Chain  Requirements 


THE    FOLLOWING   VEHICLES   ARE    PERMITTED    IN    CHAIN    CONTROL    AREAS 
WHEN    EQUIPPED   WITH     CHAINS   AS    INDICATED 


AUTOMOBILES 


I 


I 


XI 


Chain  Equipped  Automobile  With   Or    Without    Light  Trailer     OK     To    Proceed 
Trailers  With  Brakes   Must   Have  Chains. 

House  Trailers  May   Not    Be  Permitted  Under  Severe    Snow   Conditions. 
Front  Wheel  Drive   Automobiles  To  Have   Chains  On   Front  Wheels. 


BUSES 


TYPE  2 
'Chains  Reauired  On  Inside   Dual  If  Possible 


Drive   Axle   Must  Be  Chained 


TRUCKS 

Note;    On  Any  Semi -Trailer 
Only  One  Set  Of 
Chains  Required. 
Regardless  Of 
Number  Of  Axles. 


TRUCK   TYPE    2 
Trailer   Not    Permitted 


TRUCK    TYPE    3 


SINGLE    DRIVE 

Tractor   8    Semitrailer 


TYPE     3-S-2 

Tractor   8  Semitrailer 


TYPE    3-AS2 

Monotrailer 


TYPE    3-S-2-T-2 
Tractor,   Semitrailer  8  Trailer 

FIGURE   36  CALTRANS   MAXIMUM    CHAIN   REQUIREMENTS 
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applied  it  in  the  following  manner: 

There  are  three  conditions  for  which  standard  signing  for  snow 
control  areas  are  necessary. 


1.  The  first  condition  is  when  chains  are 
required  but  autos  and  pickups  with 
snow  tires  are  excepted  from  using 
chains. 

2.  The  second  condition  is  when  chains  are 
required  but  vehicles  with  four  wheel 
drive  and  snow  tires  on  all  four  wheels 
are  excepted  from  using  chains. 

3.  The  third  condition  is  when  chains  are 
required  with  no  exceptions. 

The  recommended  way  of  signing  these  condi- 
tions is  shown  in  Figure  37.  (25  mph  =  approx. 
40  kilometers  per  hour). 


© 


CHAINS 
REQUIRED 


SPEED 
LIMIT 

25 


X 


AUTOS  a  PICKUPS 
SNOW  TIRES  O.K. 
CARRY     CHAINS 


© 


CHAINS 
REQUIRED 


SPEED 
LIMIT 


25 


4   WH.DR.  WITH 
SNOW     TIRES  O.K. 
CARRY    CHAINS 


© 


CHAINS 
REQUIRED 


SPEED 
LIMIT 

25 


Colorado  has  a  less  strict  traction  aid 
requirement  than  California,  and  has  summarized 
it  as  the  department  of  highways  shall  also  have 
authority  to  close  any  portion  of  a  state  highway 
to  public  travel,  or  to  prohibit  the  use  thereof 
unless  motor  vehicles  using  same  are  equipped  with 
tire  chains  or  snow  tires  having  a  tread  of 
sufficient  abrasive  or  skid  resistant  design  or 
composition,  and  depth  to  provide  adequate  traction 
under  existing  driving  conditions,  during  storms 
or  when  other  dangerous  driving  conditions  exist, 
or  during  construction  or  maintenance  operations, 
whenever  it  considers  such  closing  or  restriction 
of  use  necessary  for  the  protection  and  safety  of 
the  public.  Such  prohibition  or  restriction  of  use 
shall  be  effective  when  signs  giving  notice  thereof 
are  erected  upon  such  portion  of  said  highway  and 
it  shall  be  unlawful  to  proceed  in  violation  of 
such  notice.  The  Colorado  state  patrol  shall 
cooperate  with  the  department  of  highways  in  the 
enforcement  of  any  such  closing  or  restriction  of 

use.  "Tire  chains",  as  used  herein,  are  defined  as  metal  chains  which 
consist  of  two  circular  metal  loops,  one  on  each  side  of  the  tire, 
connected  by  not  less  than  nine  evenly  spaced  chains  across  the  tire 
tread. 


NO  EXCEPTIONS 


FIGURE  37  CALTRANS 
CHAIN  CONTROL  SIGNING 
(196) 
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Snow  Fences 

Snow  fences,  when  properly  installed,  can  be  an  effective  aid  in 
controlling  the  adverse  effects  from  blowing  and  drifting  snow. 


FIGURE    38:  SNOW  FENCE    INSTALLATION    IN    THE    UNITAH     MOUNTAINS 
(Courtesy   Utah   Department  of  Transportation) 


Wyoming,  with  a  severe  potential  for  ground  blizzards  resulting 
from  blowing  snow,  particularly  along  Interstate-80  in  the  southern 
portion  of  Wyoming,  has  evaluated  and  experimented  with  various  snow 
fence  geometries.   Dr.  Ronald  D.  Tabler  with  the  U.S.  Forest  Service 
and  in  conjunction  with  the  Wyoming  Highway  Department  [41_]  and  [190] 
has  worked  with  fences  up  to  3.65  m  (12  feet)  high  and  using  a  design 
wind  velocity  of  209  kilometers  per  hour  (130  mph),  designed  a  number 
of  experimental  fences.  Short  sections  of  each  type  of  fence  were 
constructed  for  observation  and  analysis. 

Because  of  the  stress  placed  in  the  literature  on  fence  orienta- 
tion with  respect  to  the  prevailing  wind,  a  vertical  "zig-zag1  wood 
fence  was  laid  out  in  a  sawtooth  pattern  to  attempt  to  accommodate 
varying  wind  directions. 
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Wind 


Pile 


PLAN   VIEW 


FIGURE     39     ZIG-ZAG      SAWTOOTH     SNOW     FENCE     PATTERN  (41) 

Inclined  wood  fences,  modifications  of  the  old  Swedish  designs,  wit 
with  cable  and  deadman  anchors,  were  designed  in  1.8,  2.4,  3.0,  and  3.7 
meter  (6,  8,  10,  and  12  feet)  heights. 


2x6    Frame 


1x6   Slats 


Prevailing  Wind 


Cable 


Ts^SftTsVT*  ix  '»  7?  iv/  iV//n/v/  1 1  //  wn  w^TT  //  >  v\  *//\\/v//i 


Deadman 

FIGURE  40  MODIFIED    SWEDISH    SNOW  FENCE  DESIGN  WITH 
CABLE  AND    DEADMAN    ANCHORS  (41) 

A  third  type,  similar  to  the  modified  Swedish  design,  but  using 
precast  concrete  supports  and  PVC  slats,  was  also  evaluated.  The  weight 
of  the  concrete  eliminates  the  need  for  any  anchorage  system. 


PVC  Slats 
2x6  Boards 


Prevailing  Wind 


Precast  Concrete 
Tripod 


\>)\I))Kf/)  \\>/\  \i\/ 


FIGURE  41    MODIFIED   SWEDISH    SNOW    FENCE    DESIGN    USING    PRECAST 
CONCRETE    SUPPORTS    AND    PVC    SLATS  (41) 
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After  observations  of  each  type  design,  the  conclusions  were  that 
the  "zig-zag"  fence  was  not  really  as  effective  for  various  wind 
directions  as  hoped.  By  comparison  with  the  inclined  design,  it  was 
only  40  percent  as  effective  in  trapping  snow.  The  drift  pattern 
indicated  that  the  wind  was  tunneled  into  the  "V"  portion  of  the  fence 
increasing  velocity  and  eroding  the  drift  away  from  the  fence. 

The  concrete  fence  failed  at  the  welds,  but  the  precast  concrete 
tripod  presented  enough  mass  to  prevent  overturning  without  external 
anchors.  With  better  welded  joints,  this  design  could  be  functional 
in  selected  areas  due  to  appearance  and  ease  of  installation. 

The  inclined  wood  fence  with  redesigned  anchors  was  finally 
chosen  as  the  best  design  to  use  in  Wyoming. 

In  1971,  a  contract  for  the  construction  of  approximately  18,440 
lineal  meters  (60,500  feet)  of  snow  fence  was  awarded  for  $480,000. 
This  covered  56  kilometers  (35  miles)  of  1-80  and  consisted  of  wooden 
fence  in  heights  of  1.8,  2.4,  3.0,  and  3.7  meters  (6,  8,  10,  and  12 
feet).  The  cost  per  meter  was  $17.22,  $20.51,  $24.61,  and  $26.84 
(per  foot  $5.25,  $6.25,  $7.50,  and  $8.18),  respectively. 

The  approach  used  by  Dr.  Tabler  for  the  design  of  the  snow  fence 
sites  was  to: 

1.  Determine  the  mean  annual  snowfall  for  the  area. 

2.  Determine  the  quantity  of  relocated  snow  with  the  use  of 

a  mathematical  model. 

3.  Determine  the  quantity  of  snow  storage  behind  the 

varying  fence  heights. 

4.  Determine  the  number  of  rows  of  fences  required  to  trap 

the  blowing  snow. 

Weather  substation  records  were  used  to  ascertain  the  mean  annual 
snowfall  and  in  determining  an  elevation  factor  using  a  regression 
analysis. 

The  quantity  of  relocated  snow  was  expressed  as: 

%  =   9PRc  "  <h  "  As 
where: 

q,  =  quantity  of  relocated  snow  (cubic  feet  of  water  per  foot 
of  width). 

9  =  snow  transfer  coefficient  or  the  ratio  of  the  amount  of 
snow  that  is  relocated  to  that  which  falls  as  precipita- 
tion. 

P  =  mean  precipitation  received  over  the  contributing  distance 
Rc-  (^.) 
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R  =  the  contributing  distance  or  the  distance  upwind  of  a 
snow  fence  which  contributes  snow  particles  to  the  snow 
drift,  (ft.) 


q,  = 


R  = 
m 


total  sublimation  loss  during  transport  over  the  distance 

R  . 
c 

the  natural  storage  of  snow  over  the  contributing  distance 

V 

mean  distance  over  which  an  average  size  snow  particle  must 
travel  before  completely  sublimating  (ft.). 


The  volume  of  snow  which  is  stored  behind  a  fence  is  a  function  of 
the  fence  height  (H)  as  well  as  the  density  of  the  fence.  (Density  is 
the  percentage  of  the  total  area  of  a  fence  which  is  of  solid  material). 
The  length  of  an  induced  snow  drift  is  also  a  function  of  the  fence 
height.  In  level  terrain,  the  maximum  height  of  a  drift  formed  is 
equal  to  the  height  of  the  fence.  Since  the  fence  to  be 
new  design  not  previously  used  by  the  Department,  it  was 
estimate  the  maximum  cross-sectional  area  of  the  drift, 
computed  by  the  formula 


erected  was  a 
necessary  to 
This  area  was 


A  =  36  H 


4/3 


(8) 


and  the  corresponding  water  equivalent  content  (W  )  in  cubic  feet 
water  per  foot  of  width  is 


W  =  18  H 


4/3 


if  the  snow  density  is  0.5 


(9) 


"H~J2>~--- 


Wind 


Diagram  of  the  transport  distance 
concept  used  to  estimate  sublimation  loss  from 
wind-transported  snow.  The  transport  distance, 
Rm,  is  defined  as  the  average  distance  over  which 
a  snow  particle  {shown  between  the  convergent 
dotted  lines)  must  travel  before  it  completely 
sublimates.  The  contributing  distance,  Re,  is 
defined  as  the  distance  upwind  that  contributes 
blowing  snow  to  a  site  and  may  be  equal  to  or 
less  than  Rm. 


Contributing 
"Distance,  Rc 


Maximum   Tronsport   Distance,  Rm 


FIGURE    42:    TRANSPORT     DISTANCE    CONCEPT    (190) 
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Upon  evaluating  the  snow  fence  patterns  and  heights,  it  was 
concluded  that  properly  engineered  snow  fence  systems  are  a  powerful 
tool  for  snow  control,  and  it  is  unfortunate  that  earlier  applications 
of  improperly  designed  fences  have  made  the  engineer  skeptical  of  their 
potential.  The  benefits  of  improved  visibility  and  reduced  ice  forma- 
tion have  been  appreciably  advanced  with  results  of  the  Wyoming  1-80 
system. 
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FIGURE    43!    TOTAL    STORAGE    CAPACITY     AS  A 
FUNCTION    OF  FENCE   LENGTH 
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FIGURE    44!    AVERAGE    DRIFT    PROFILE    AT    SATURATION    COMPARED    WITH 

THE    LEMNISCATE    EQUATION 
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Roadway  Design  Considerations 

Highway  design  will  affect  the  efficiency  with  which  the  snow 
fighter  can  perform  his  duties.  Optimum  or  proper  placement  of  turn- 
arounds on  divided  interstate,  to  adequate  snow  storage  on  rural  two- 
lane  roads  may  have  a  significant  impact  on  routing  efficiency  to  the 
type  of  equipment  to  move  snow  and  the  time  required  to  keep  up  with 
impending  storms. 

Better  roads  in  "Snow  and  Ice  Control  Techniques  at  Interchanges" 
[42]  reported  several  design  criteria  that  do  not  necessarily  com- 
promise safety  to  the  highway  user,  but  are  important  in  reducing  snow 
removal  costs  which  are  an  accumulating  expense  each  year. 


FIGURE     46!       1-15    AT    2  1st     SOUTH    STREET     (ALT.      US    50)   .    SALT     LAKE 
CITY,  UTAH   (Courtesy   Utah  Department  of  Transportation) 


Interchange  Design 

Geometries/Cross  Section 

Interchange  geometries  may  contribute  to  several  signifi 
cant  snow  and  ice  control  problems. 

Among  the  factors  to  be  considered  are: 

1 .  Cross  Sections 

2.  Crossovers 

3.  Side  Slopes 
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4.  Snow  Storage 


FIGURE    47!     TYPICAL   CROSS-DRAINAGE    OF  SNOW   MELT    PROBLEM 
(Courtesy  Utah  Department  of  Transportation) 

Problem:  Cross-drainage  of  snow  melt  across  super  elevated  ramps  are 
subject  to  refreezing. 

Design  Technique: 

1.  Reverse  slope  on  shoulder  and  in  gore  area 

2.  Add  catch  basin  in  gore  to  accommodate  drainage 

Gore  area  which  allows  snow  melt  runoff  across  pavement,  gore 
should  be  graded  slightly  toward  a  flush  mounted  drain  located  in  the 
center. 

Drainage  may  be  more  easily  accomplished  on  the  low  side  of  super 
elevated  ramps  by  using  curb  and  gutter  to  control  the  flow. 

A  preferred  drain  grate  design  will  have  a  painted  "teardrop"  on 
the  pavement  to  indicate  location  of  drain  when  it  is  covered  by  a 
windrow  of  snow. 

For  potential  icing  hazard  from  snow  melt  if  freezing  temperatures 
should  occur,  a  reverse  shoulder  slope  is  needed. 

Geometries/ Crossovers 

The  advantage  of  crossovers  are  increased  convenience  and 
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reduced  deadhead  for  maintenance  and  emergency  vehicles.  The  major 
disadvantage  is  that  a  severe  safety  hazard  is  created.  Public 
traffic  will  continue  to  use  the  crossover  in  spite  of  signs  making 
turnarounds  illegal . 

Crossovers  installed  on  narrow  medians  provide  limited  area  for 
large  vehicles  to  clear  the  traveled  portion  of  the  roadway.  Diagonal 
or  modified  "S"  crossovers  are  an  alternative  solution.  Existing  under- 
pass or  overpass  structures  may  also  serve  as  crossover  locations. 

Geometries/Side  Slopes 

Severe  slopes  and  grade  changes  cause  drifting  into  the  ramp 
pavement.  If  practical  and  economical,  slopes  should  be  flattened  to 
at  least  4:1  and  preferably  6:1  to  eliminate  drifting.  A  windbreak 
of  vegetation  planted  part  way  down  the  upwind  slope  would  help  control 
drifting  and  keep  the  pavement  clear. 

Geometries/Snow  Storage 

Fencing  installed  close  to  the  shoulder  reduces  snow  cast  and 
requires  shoulders  to  serve  as  permanent  snow  storage  areas. 

The  alternative  solutions  are  to  haul  the  snow  elsewhere  or  remove 
by  snow  blower. 

Lack  of  storage  area  in  regions  of  heavy  snowfall  results  in  a 
relatively  narrow  lane  width  on  ramps.  Reduced  driver  sight  distance 
occurs  because  of  the  windrow  in  the  gore.  A  wider  gore  would  reduce 
this  excessively  high  windrow. 

Careful  attention  to  grading  and  drainage  at  ramp  separations  is 
required  on  structures  because  of  their  use  as  snow  storage  areas  and 
the  hazard  which  frozen  melt  water  would  provide. 

Heavy  reliance  upon  melting  by  the  use  of  chemicals  is  the  standard 
operational  procedure. 

Wide,  depressed  gores  and  wide  shoulders  next  to  a  retaining  wall 
are  good  design  features  of  a  ramp  area. 

The  narrow  shoulders  and  median  of  depressed  interchanges  severely 
limit  the  snow  storage  area. 

Snow  storage  and  plowing  problems  are  caused  by  the  use  of  a 
raised  and  crowned  gore,  by  the  use  of  curbs  and  by  the  use  of  guard- 
rail close  to  a  ramp. 

The  raised  gore  complicates  plowing  and  causes  snow  melt  to  flow 
across  the  ramp  pavement. 
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Drains 

Preferred  design  is  to  locate  the  drain  within  the  traveled 

portion  of  the  pavement  so  that  it  will  be  cleared  as  the  pavement  is 

plowed.  The  design  should  provide  a  means  of  elevating  the  grate  for 
future  resurfacing. 

Guardrail 


The  problems  created  by  guardrail  are  reduced  snow  cast, 
formation  of  windrows,  and  drifting  onto  the  pavement. 

Under  certain  wind  conditions,  a  guardrail  may  be  beneficial  in 
controlling  drifting  and  creating  drifts  off  the  pavement.  Where  the 
guardrail  is  omitted,  drifting  can  be  seen  extending  further  onto  the 
ramp  shoulder. 

If  the  guardrail  is  placed  close  to  the  ramp  surface,  snow  storage 
area  is  severely  restricted.  Snow  must  be  blown  over  the  guardrail 
or  hauled  elsewhere  between  storms  in  order  to  eliminate  a  reduction  in 
pavement  width  by  snow  gradually  extending  out  into  the  driving  lane. 

On  median  approaches  to  bridge  structures,  it  is  important  to 
provide  as  much  snow  storage  areas  as  possible.  If  storage  is  limited 
then  snow  must  either  be  transferred  across  the  roadway,  plowed  ahead 
across  the  sturcture,  blown  over  the  guardrail  by  use  of  a  snow  blower, 
or  loaded  on  trucks  for  transfer  elsewhere. 

Cable  guardrail  allows  increased  snow  cast  and  is  preferred  from 
the  snow  removal  point  of  view.  This  type  of  guardrail,  however,  does 
not  completely  eliminate  the  windrow  problem  in  areas  of  heavy  snowfall, 

Appurtenances 

The  use  of  a  raised  gore  area  and  curbs  create  obstacles  to 
plowing.  By  constructing  signs  and  other  appurtenances  in  the  gore, 
its  use  for  snow  storage  is  restricted.  Whenever  possible,  signing 
should  be  on  existing  overhead  structures  or  on  sign  supports  set  in 
back  of  the  usable  shoulder. 

Extension  on  pavement  delineators  (snow  poles)  make  them  visible 
to  plow  operators  in  heavy  snow. 

Rumble  strips,  although  a  potentially  successful  means  of  delinea- 
tion to  the  vehicle  driver,  may  become  damaged  by  plow  blades  or  cause 
damage  to  plow  blades.  The  area  cannot  be  plowed  clear  and  melt  from 
the  remaining  snow  will  continue  to  flow  across  the  ramp  until 
exhausted. 

During  clean-up  operations  when  the  snow  is  winged  back  to  make 
room  for  future  storms,  delineators  and  signs  will  reduce  the  effec- 
tive distance  or  efficiency  of  winging. 
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Damage  to  appurtenances  is  not  unusual  and  maintenance  time  and 
expenditures  are  required  for  repair. 

Delineators  located  within  or  close  to  the  shoulders  provide 
obstacles  to  plowing  during  clean-up  operations.  The  plow  must  turn 
out  into  traffic  in  order  to  go  around  each  delineator  or  sign. 

Fences  can  seriously  reduce  the  available  snow  storage  area. 
Damage  to  the  fence  may  result  from  the  heavy  snow  and  ice  placed 
against  it.  Light  standards  and  signs  placed  near  the  shoulder  create 
obstacles  to  plowing.  These  appurtenances  should  be  moved  closer  to 
the  fence  to  allow  increased  storage  and  reduce  the  conflict  with 
traffic  and  plowing  operations. 

During  conditions  of  wet,  blowing  snow,  traffic  control  signs  may 
become  totally  obsecured.  This  produces  a  safety  hazard  as  well  as  an 
inconvenience  to  the  motorist  unfamiliar  with  the  area. 

Structures 

Bridge  guardrails  and  parapets  reduce  snow  cast  which  in  turn 
creates  windrows  on  either  side  of  the  bridge  deck.  These  windrows 
produce  cross-pavement  drainage  and  the  potential  for  drifting.  Grading 
and  drains  are  required  to  accommodate  this  snow  melt. 

Bridge  drains  are  a  necessity  in  order  to  accommodate  snow  melt. 
They  should  be  flush  with  the  pavement  so  that  the  plow  blade  will 
plow  it  clean. 

Complex,  elevated  interchanges  present  a  particularly  difficult 
snow  and  ice  control  problem.  Ramps  are  super  elevated,  underlying 
roadways  prevent  casting  through  the  guardrail  and  limited  right-of- 
way  reduces  snow  storage  areas  to  a  minimum.  A  combination  of  all 
problems  requires  that  attention  be  given  to  the  design  requirements 
for  snow  removal . 

As  a  result  of  limited  storage  area  on  bridges,  snow  may  be  cast 
over  the  bridge  railing  onto  the  underlying  pavement.  Where  this  is  a 
problem  and  where  excessive  drifting  will  not  result,  a  solution 
technique  is  to  use  solid  barriers  or  baffles  to  confine  the  cast 
snow  to  the  bridge  deck  or  sidewalk. 

Liaison  between  representatives  of  maintenance,  in  addition  to 
design,  construction,  materials,  traffic  and  right-of-way  should  be 
promoted  during  the  planning  and  construction  phase  of  highway  projects. 
This  encourages  input  and  interaction  by  maintenance  to  help  solve 
problems  not  apparent  during  the  course  of  routine  design  or  con- 
struction. This  may  aid  in  averting  the  practice  of  changing  turn 
around  locations,  making  arbitrary  access  to  deicing  material  stock- 
piles, re-molding  drainage  appurtances  etc.,  soon  after  maintenance 
becomes  responsible  for  the  highway  segments. 
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Weather  Forecasting  and  Communications 

Most  highway  agencies  responsible  for  winter  maintenance  have  or 
make  use  of  weather  forecasting  to  aid  in  preparation  efforts  before  a 
storm  begins.  Northfield,  Illinois  makes  use  of  a  certified  consulting 
meteorologist  firm  to  supply  advance  warning  information  about  storms. 
They  also  recommend  action  and  comment  on  problems  the  maintenance  force 
may  face.  This  advice  includes:  spread  salt,  or  not;  even  pre- 
spread  on  occasion;  begin  plowing,  and  more  importantly,  what  is 
expected  to  happen  during  the  storm  [43], 

Weather  forecasting  has  the  advantage  of  predicting  to  some  extent 
when  the  storm  will  begin,  how  long  it  will  last,  how  much  will 
accumulate,  what  the  temperature  ranges  will  be,  storm  speed,  direction, 
snow  wetness,  and  general  progress  of  the  storm  as  it  approaches  a 
particular  area.  Before-hand  information  on  the  storm  characteristics 
may  help  in  critical  decisions  on  pre-storm  planning,  start-up  time, 
in-storm  operations  such  as  whether  or  not  to  apply  chemicals, 
implementation  of  a  chain  law  if  applicable  and  scheduling  men  to 
handle  the  entire  duration  of  the  storm.  It  is  important  to  know  the 
temperature  pattern  of  a  storm.  If  it  starts  cold,  cold  enough  that 
salt  is  not  effective,  then  packing  may  occur.  If  it  ends  with  a 
drop  in  temperature,  then  clean  up  operations  as  soon  as  possible 
should  begin  to  avoid  the  more  difficult  task  of  loading  cold  snow  or 
pushing  back  the  cooler  snow  from  areas  such  as  shoulders. 

In  January  1967,  Chicago  experienced  a  blizzard  which  dropped  58 
cm  (23  in.)  of  snow  within  seventeen  hours,  immobilizing  the  city 
for  days  and  caused  the  loss  of  an  estimated  $180  million  to  business- 
men and  wage  earners  [44].  As  a  result,  Mayor  Daley  ordered  the 
department  of  streets  and  sanitation  to  put  together  a  massive  snow- 
clearance  program.  Primarily,  this  program  involved  a  centralized 
planning  center.  The  planning  center  is  manned  24  hours  a  day,  year 
round.  When  it  is  not  snowing,  the  facility  handles  communications 
for  the  eight  bureaus  of  the  department.  When  quick  mobilization  is 
needed  to  fight  an  impending  storm,  a  teletyped  message  can  be  relayed 
to  all  salt  storage  and  equipment  locations  in  less  than  five  minutes. 

This  section  also  contains  Snow  Command's  records  and  maps  (the 
department  keeps  track  of  the  nation's  storms  even  through  its  offi- 
cial weather  warnings  come  from  a  private  forecasting  firm),  a  storm's 
progress.  A  bank  of  desks  from  which,  among  other  things,  equipment 
operators  are  called  out  by  means  of  pre-coded  cards  that  are  inserted 
into  telephone  slots  that  automatically  dial  the  numbers.  When  there 
is  no  snow,  this  section  is  used  to  direct  other  administrative  orders. 

Off  season,  the  operators  assign  department  trucks  to  police  auto- 
towing  calls,  street-light  repair,  traffic  accidents,  street  cave-ins, 
cases  of  missing  traffic  signs  or  barricades,  removal  of  bulk  refuse 
and  debris,  and  removal  of  street  dirt  from  street  cleaning. 

According  to  city  officials,  praise  of  the  city's  snow  removal 
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has  increased,  complaints  and  accidents  are  down,  and  the  equipment 
operators  are  often  able  to  suspend  operations  within  an  hour  of  a 
storm's  end  [44]. 

Adequate  communications  during  a  storm  will  increase  the  efficiency 
of  snow  and  ice  removal  operations.  Complete  radio  equipped  trucks 
are  not  uncommon  for  many  counties  and  states.  For  instance, 
Cattaraugus  County  in  New  York  [45]  has  reported  increased  efficiency 
and  better  control  of  snow  removal  operations  with  a  100  percent  radio 
equipped  maintenance  department. 

Radio  communications  have  been  found  helpful  in  situations  where 
snow  fighting  equipment  breaks  down,  keeping  up  on  the  storm's  progress 
and  notifying  equipment  operators  of  storm  completion  versus  monetary 
lulls  between  storm  fronts. 

Introduction  -  Materials 

The  increased  reliance  on  the  motor  vehicle  in  past  years  has 
been  responsible  for  the  insistance  by  motorists  that  streets,  roads  and 
highways  be  available  for  travel  during  adverse  weather  conditions  of 
snow,  ice  and  freezing  temperatures.  Compliance  with  these  needs  has 
resulted  in  a  large  increase  in  the  use  of  sodium  and  calcium  chlorides 
to  melt  ice  or  prevent  its  formation  on  pavements. 

Intensive  applications  of  chloride  deicing  salts  have  supposedly 
made  winter  driving  safer  but  have  been  responsible  for  various  problems 
Among  these  problems  are  damage  to  Portland  cement  concrete  pavements 
and  particularly  bridge  decks,  corrosive  damage  to  steel  in  automobile 
and  truck  bodies,  and  pollution  caused  by  increasing  concentrations  of 
sodium  and  chloride  in  roadside  soils,  in  industrial  and  drinking 
water  and  in  other  bodies  of  water  [46],  [47],  [48],  [49],  and  [50]. 

The  destructive  effects  attributable  to  salt  use  have  led  to 
efforts  on  the  part  of  many  state  highway  departments  to  avoid 
excessive  and  unnecessary  use  of  salt  and  adopt  judicious  methods  of 
application.  But  problems  presist  even  with  judicious  salt  application. 
Some  agencies  have  investigated  the  use  of  alternative  deicing  methods. 

In  1973,  the  Federal  Highway  Administration  (FHWA)  and  the 
Transportation  Research  Board  (TRB)  jointly  set  up  a  Maintenance 
Research  Needs  Study.  Of  26  problem  statements  drawn  up  by  the  study's 
steering  committee,  three  related  to  winter  maintenance  and  one  to  the 
minimizing  of  the  use  of  deicing  chemicals  during  winter  maintenance. 
It  was  generally  agreed  that  too  much  salt  is  being  used  and  the  latter 
study  was  given  a  high  priority  in  1975. 

Chemicals  are  applied  to  highway  pavements  to  accomplish  three 
things:  (1)  prevent  formation  of  ice,  (2)  melt  ice  that  has  formed, 
and  (3)  prevent  buildup  of  snowpack  [51]. 
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In  this  section,  a  review  of  commonly  used  chemicals,  abrasives, 
and  combinations  is  presented  along  with  present  practices  of  material 
storage,  hauling  and  pre-mixing.  Also,  since  materials  applied  to  the 
roadway  are  to  counteract  undesirable  conditions  activated  from  snow 
or  ice,  a  review  of  general  snow  and  ice  characteristics  is  included 
[51]. 

Characteristics  of  Snow  and  Ice 

Snow  and  ice  properties  pertinent  to  winter  highway  maintenance 
ware  summarized  in  1965  by  D.  L.  Minsk  with  emphasis  on  applying  this 
knowledge  to  snow  and  ice  problems  found  on  roads  and  airfields  [50]. 

Snow  and  ice  are  forms  of  the  solid  phase  of  water,  yet  they 
differ  considerably  in  their  properties.  Both  are  unusual,  however, 
in  that  they  exist  at  temperatures  close  to  their  melting  point.  In 
the  United  States,  the  lowest  temperature  ever  recorded  was  -56°C 
(-70°F)  (at  Rogers  Pass,  Montana),  but  temperatures  in  the  more 
populated  areas  seldom  drop  below  -40°C  (-40°F).  This  is  only  22°C 
(72°F)  from  the  solid-liquid  phase  change,  quite  a  small  amount  in 
comparison  with  other  familiar  materials.  This  difference  is 
narrowed  even  more  during  the  frequent  periods  when  the  temperature 
fluctuates  by  only  a  few  degrees  about  the  freezing  point.  Most  of 
the  properties  of  snow  and  ice  are  strongly  influenced  by  temperature, 
and  the  inherent  thermodynamic  instability  is  characteristic.  The 
properties  also  change  with  time  by  a  process  called  snow  metamorphism. 
They  can  be  grouped  broadly  into  mechanical,  thermal,  and  electrical. 

The  stresses  (mechanical)  causing  structural  collapse  can  result 
from  tension,  compression,  or  shear  forces.  The  bonds  between  the 
snow  crystals  break,  resulting  in  a  sudden  loss  of  cohesion.  In 
tension  and  pure  shear,  the  snow  mass  often  breaks  along  a  plane; 
compressive  failure  sometimes  causes  it  to  crumble,  though  conical 
failures  typical  of  shear  planes  frequently  result  during  unconfined 
loading. 

Tensile  strength  of  low-density  snow  is  low  and  shows  wide  scatter. 
The  dependence  of  tensile  strength  on  both  temperature  and  density  is 
shown  in  Figure  48.  Tensile  strength  for  high-density  snow  is  given 
by  Butkovich  as  [54] 


where 


yT  =  503  (p  -  0.37)  [(1  +  2.88  (p  -  0.37)2]  (10) 


YT  =  tensile  strength  (psi)  at  -10°C  (14°F),  and 


p  =  density  @  0.4  gm/cu  cm. 

Crushing  strength  is  the  unconfined  uniaxial  compressive  strength. 
The  same  form  of  equation  was  used  by  Butkovich  for  snows  with  density 
greater  than  0.4  g/cu  cm,  but  it  was  simplied  to: 
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FIGURE    48!  INFLUENCE    OF  TEMPERATURE    AND    DENSITY    OF 
SNOW   ON    TENSILE    STRENGTH  (197 ) 

rc  =  1418  (  -  0.39)  (11) 


where 


yq  =  crushing  strength  (psi)  at  -10°C  (14°F),  and 

p  =  density  @  0.4  gm/cu  cm. 

Crushing  strength  is  about  twice  the  tensile  strength.  It  is 
also  very   low  in  low-density  snow.  However,  if  the  snow  is  confined 
during  compression,  it  collapses  in  stages  until  a  density  of  0.5  gm/cu 
cm  (31.2  pcf)  is  reached.  At  this  point  the  snow  grains  are  closely 
packed,  and  stress  then  increases  very   rapidly  because  any  further 
densification  must  occur  not  by  breaking  of  bonds  but  by  deformation  of 
an  increasing  number  of  snow  grains  [55] . 

Shear  strength  of  snow  is  much  like  the  tensile  strength.  An 
equation  derived  by  Butkovich  [54]  for  high-density  Greenland  snow  is 
similar  to  that  for  tensile  strength  [53]: 


5S  =  333  (Y  -0.37)  [1  +  7.03  (Y  -  0.37)  ]  (12) 


where 


6  =  shear  strength  (psi)  at  zero  lateral  pressure  and 
s   -10°C  (14°F),  and 

Y  =  density  @  0.4  gm/cu  cm. 

Coulomb's  law  of  friction,  familiar  in  soil  mechanics,  has  been 
applied  to  snow  mechanics.  This  law  states  that: 


S  =  c  +  p  tan  4> 


(13) 


where 


S  =  shear  strength, 
c  =  cohesion, 
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p  =  normal  pressure,  and 

4>  =  angle  of  shearing  resistance. 

At  zero  normal  pressure,  S  =  c;  the  shear  stress  under  this 
condition  is  commonly  called  cohesion. 

Coulomb's  equation  is  not  valid  for  many  snow  conditions  because 
the  sum  of  the  cohesion  and  pressure  terms  may  not  be  a  straight  line. 
The  equation  is  applied  in  avalanche  mechanics  and  the  performance  of 
oversnow  tracked  vehicles,  for  in  these  cases  of  high  rapid  loading  the 
grain  bonds  break  by  structural  collapse  and  the  material  behaves  some- 
what 1  ike  sand. 

Work  of  disaggregation  of  snow  is  the  minimum  work  that  must  be 
done  to  break  up  a  snow  mass  into  its  individual  grains.  The  term  is 
only  significant  when  applied  to  snow  of  density  less  than  0.5  gm/cu 
cm.;  above  this  value  not  only  the  grain  boundaries  but  the  snow 
crystals  themselves  are  ruptured.  An  illustration  of  how  metamorphism 
changes  snow  properties,  that  of  the  increase  in  the  work  of  dis- 
aggregation resulting  from  the  increase  in  the  number  and  size  of 
bonds,  is  shown  in  Figure  49. 
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FIGURE  49!  INCREASE  IN  WORK  OF  DISAGGREGATION  OF  SNOW 
RESULTING  FROM  SNOW  METAMORPH  ISM  ( 198) 


Because  of  the  low  value  of  specific  heat  of  air,  the  specific 
heat  of  snow  is  almost  entirely  due  to  the  ice.  Though  it  varies  with 
temperature  and  purity  of  snow,  a  value  useful  for  engineering  purposes 
is  0.506  cal/gm°C.  (It  is  also  0.506  BTU/lb-°F) 
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Thermal  conductivity  of  wet  snow  is  zero  since  it  is  isothermal. 
Heat  transfer  under  this  condition  can  occur  by  transmission  of  radiant 
energy  or  by  percolation  of  melt  water  and  subsequent  refreezing  with 
release  of  the  latent  heat. 

Ice  is  generally  a  more  serious  problem  than  snow  in  its  effect 
on  roads,  runways,  and  structures,  and  because  of  its  greater  adhesion 
to  surfaces,  it  influences  traffic  movement  on  roads  and  airfields  and 
causes  failure  of  power  lines  and  structures.  Also,  as  northern  state 
highway  departments  have  found,  its  removal  or  control,  short  of  removal 
costs  are  10  to  15  times  as  much  as  snow  removal.  Snow  can  almost 
always  be  handled  and  ultimately  removed,  whereas  ice  removal  from 
extensive  areas  is  sometimes  nearly  impossible. 

The  crushing,  torsional  shear,  and  tensile  strengths  of  ice  were 
determined  by  Butkovich  [55]  for  clear  lake  ice,  snow  ice,  and  artifi- 
cial (commercial)  ice.  The  strengths  of  commercial  ice  as  a  function 
of  temperature  are  shown  on  the  graphs  of  Figure  50  [50]. 


-a400r- 


!300 


200 


X 

1        1 

1       1 

<D 

UJ 

£20 

- 

(/>— - 

CJ 

o:  E 

<  u 

UJ-4- 

r  » 

i/)i 

-J  10 

< 

z 

o 

Vi 

cr 

( a) 

o 

t- 

1       1 

I       I 

(°C)  0        -10 
(°F)32         14 


■20      -30     -40      -50 
-4      -22     -40     -58 

TEMPERATURE 


-20     -30     -40    -50 
-4     -22     -40    -58 

TEMPERATURE 


(°C)  0 

-10      -20      -30     -40 

-50 

(°F)32 

14       -4      -22     -40 
TEMPERATURE 

-b8 

(a)  Torsional  Shear  Strength,  Shear  Force  Parallel  To 
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To   Long  Axis  Of  Prismatic  Crystals;  and  (c)  Crushing  Strength,  Load 
Applied  Normal  To  Long  Axis  Of  Prismatic  Crystals.  (52) 

FIGURE    50:    STRENGTHS    OF  COMMERIAL    ICE    AS    FUNCTION    OF    TEMPERATJR! 
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Considerable  work  has  been  done  in  the  search  for  materials  or 
surface  treatments  to  which  ice  will  not  adhere.  Jellinek  [56]  reported 
that  on  rough  stainless  steel  ice  had  a  mean  strength  of  adhesion  of 
about  60.46  gs  cm  (86  psi)  and  on  mirror  finish  stainless  steel  of 
27.77  gs  cm  (38  psi). 

On  more  familiar  materials,  it  has  been  reported  that  a  layer 
of  concrete  was  torn  off  when  an  attepmt  was  made  to  remove  ice  from 
its  surface.  In  general,  on  metals  and  pavement  materials,  the 
strength  of  adhesion  of  ice  is  greater  than  its  tensile  strength. 

The  latent  heats  associated  with  the  changes  of  phase  water  under- 
goes in  all  its  common  forms  are  summarized  in  Table  15.  It  is 
appropriate  to  mention  here  the  mechanism  by  which  chemicals  melt  ice 
or  snow.  Any  material  that  will  dissolve  in  a  liquid  will  lower  the 
freezing  point  (and,  incidentally,  the  boiling  point)  of  the  liquid. 


TABLE  15:  THERMODYNAMIC  VALUES  OF  WATER  PHASE 

TRANSITIONS 

[50] 

Thermodynamic  Value 

Cal/q 

BTU/lb 

Solid  =  1 iquid 
(Liquid  -  solid) 
Liquid  =  vapor 
(Vapor  -  liquid) 
Solid  =  vapor 

Heat  of  fusion 
(Heat  of  solidification) 
Heat  of  vaporization 
(Heat  of  condensation) 
Heat  of  sublimation 

80 
596 
676 

144 
1,220 
1,364 

This  freezing  point  depression  is  expressed  by  Raoult's  law,  which 
states  that  the  vapor  pressure  over  a  solution  is  reduced  in  proportion 
to  the  amount  of  the  solid  (the  solute)  dissolved  in  the  solvent,  or 


n2 


=  N, 


(14) 


ni  +  n, 


where 


1°: 

n2  = 

nl  = 

No  = 


vapor  pressure  of  pure  solvent, 
vapor  pressure  of  solution, 
quantity  of  solute  (moles), 
quantity  of  solvent  (moles),  and 
mole  fraction  of  solute. 


The  way  in  which  the  reduction  of  the  vapor  pressure 
lowers   the  freezing  point  can  best  be  explained  by  referring 
to  a  plot  of  temperature  vs  vapor  pressure,   where  the  system 
considered  is  water  as  the  solvent  and  a  salt  as  solute. 
(Figure  52)     At  temperatures  below  T     water  has  a  higher 
vapor  pressure  than  ice3   and  because  a  substance  at  a  higher 
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vapor  pressure   than  ice,   and  because  a  substance  at  a  higher 
energy   level  will  seek  to   transfer  its  energy   to  one  at  a 
lower  level  until   their  energies  are  equal,    the  water  will 
freeze.      Addition  of  a  salt   to  the  water  will  give  a  lower 
vapor  pressure  for  the  solution  than  the  solvent ,   which  is 
shown  by  the  salt  solution  curve.      In  dilute    solutions 
this  curve  is  approximately  parallel  to  the  solvent  curve 
in  the  vicinity  of  the  freezing  point.      The  freezing  point3 
where  the  solid,    solvent,   and  solution  can  exist  in 
equilibrium,    has  now  been  displaced  to   the  intersection  of 
these  two  curves.      This  is  lower  than  the  freezing  point  of 
the  solvent  by  AT,    the  freezing  point  depression   [50] . 

Four  mechanisms  of  ice  formation  on  pavements  will  be  described: 
(a)  radiation  cooling,  (b)  freezing  of  supercooled  water,  (c)  freeze- 
thaw  of  compacted  snow,  and  (d)  icings.  No  significance  should  be 
attached  to  their  order  of  listing,  for  their  relative  importance 
depends  on  the  geographical  region  and  climatic  conditions. 

Any  body  will  radiate  its  energy  to  another  body  having  a  lower 
temperature.  The  night  sky  is  nearly  a  perfect  black  body,  and  a  pave- 
ment or  structure  exposed  to  the  sky  radiates  energy  to  it.  If  the 
radiating  body's  heat  source  does  not  replace  the  heat  as  fast  as  it 
is  lost,  cooling  occurs.  The  temperature  of  a  pavement  can  drop  below 
freezing  even  though  the  air  temperature  is  considerably  above  freezing 
Water  vapor  in  the  air  deposits  on  the  cold  surface  and  freezes,  the 
rate  and  quantity  depend  on  the  amount  of  moisture  in  the  air  and  the 
rate  at  which  the  heats  of  condensation  and  fusion  of  the  water  vapor 
can  be  removed.  Bridge  decks  are  notorious  for  the  problems  they 
cause  because  the  underside  loses  heat  rapidly  to  the  air,  whereas 
pavement  and  soil  have  large  masses  under  them  which  supply  heat  by 
conduction.  The  ice  forms  in  discrete  particles,  and  since  the  entire 
surface  is  not  completely  covered,  this  type  of  ice  is  easier  to  re- 
move than  the  others.  It  is  like  a  cover  of  marbles  a  few  layers 
thick;  only  a  small  portion  of  the  area  of  each  sphere  in  the  bottom 
layer  touches  the  pavement  surface  and  the  second  and  higher  layers 
do  not  touch  the  surface  at  all.  A  term  frequently  applied  to  this 
type  of  ice  is  surface  hoar  or,  more  commonly,  "hoarfrost." 

This  merely  refers  to  the  freezing  of  ponded  water  on  a  pavement. 
The  term  originally  was  limited  to  ice  formed  from  groundwater  flowing 
onto  a  pavement,  but  by  extension  it  also  means  water  from  any  source. 
Thus,  melt  water  resulting  from  poor  drainage  of  a  pavement  or  rain 
impounded  by  snow  windrows  can  cause  icings.  This  ice  is  generally 
well  bonded  to  the  pavement,  and,  in  addition,  its  thickness  may 
exceed  that  of  the  other  types  of  ice. 

If  the  pavement  surface  is  at  or  below  0°C  (32°F),  rain  falling 
on  it  may  have  an  opportunity  to  freeze,  depending  on  a  number  of 
factors.  Conditions  favoring  the  formation  of  so-called  glare  ice  or 
glaze  (a  homogeneous  clear  ice  cover)  are  a  slow  rate  of  freezing, 
large  drop  size,  high  precipitation  rate,  and  only  a  slight  degree  of 
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FIGURE     51       COLD   SNOW   COMPACTED   BY    TRAFFIC 


Compaction  of  snow  by  the  passage  of  wheeled  vehicles  will  not 
cause  a  strong  bond  to  develop  between  the  snow  and  pavement  at  low 
temperatures.  However,  if  this  compacted  layer  melts,  an  ice  layer 
can  form  which  tightly  bonds  the  snow  to  the  pavement.  The  mechanical 
strength  of  this  bond  can  be  as  high  as  that  of  glaze,  which  is 
stronger  than  the  tensile  strength  of  the  compacted  snow.  Therefore, 
the  layer  is  difficult  to  remove  completely  by  mechanical  means. 

Rime  ice  may  be  found  in  some  locations,  though  generally  not  on 
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pavements  except  on  fills  in  exposed  locations.  It  is  formed  by 
supercooled  water  droplets  impinging  on  a  surface  whose  temperature 
is  below  the  freezing  point  and  whose  mass  is  large  enough  to 
dissipate  the  heat  of  fusion  without  a  rise  in  temperature  above  the 
melting  point.  The  droplets  freeze  almost  instantaneously  on  the  sur- 
face and  retain  their  spherical  or  near-spherical  shape.  A  somewhat 
loose  aggregation  of  lightly  bonded  grains  builds  up  on  the  surface. 
Amount  of  water  vapor  present,  droplet  size,  air  temperature,  and  wind 
speed  influence  the  density  of  the  rime  accumulation. 

Many  properties  of  snow  are  functions  of  its  density  and  tempera- 
ture. New  snow,  however,  begins  to  change  its  structure  immediately 
after  being  deposited,  and  the  density  increases  steadily  to  a  limiting 
value  dependent  on  air  temperature,  wind,  humidity,  incident  radiation, 
and  depth  of  cover.  Density  of  snow  is  important  in  the  clearing 
process  since  it  determines  the  weight  of  material  that  must  be  handled. 
Since  density  increases  with  time,  much  extra  work  can  be  saved  by 
removing  snow  during  or  immediately  after  a  snowfall.  Other  properties 
that  can  be  used  to  characterize  the  state  of  a  snow  cover  and  can  be 
measured  in  the  field  fairly  easily,  are  hardness  and,  to  some  extent, 
water  content. 

Chemicals 

A  major  problem  of  highway  maintenance  departments  in  northern 
areas  concerns  keeping  roads  usable  during  the  winter  months;  attempts 
are  aimed  at  providing  roads  made  slippery  by  ice  and  snow  safe  for 
normal  traffic  speeds.  There  are  two  principal  methods  of  treatment 
utilized  by  most  maintenance  crews  on  icy  highways.  If  the  immediate 
use  of  the  highway  is  of  prime  importance  the  use  of  abrasives  to 
furnish  traction  is  one  solution.  In  some  cases  this  may  not  be  a 
complete  solution  however,  as  the  abrasive  may  be  whipped  off  by 
traffic  or  wind  and  the  ice  will  remain.  Another  treatment  is  to 
remove  the  ice  or  compacted  snow  which  has  caused  the  slippery  condi- 
tion. This  can  be  accomplished  by  the  application  of  chemicals  which 
lower  the  melting  point  sufficiently  to  transform  the  ice  into  water 
which  then  drains  off  [61_].  Chemicals  are  applied  to  highway  pavements 
to  accomplish  three  things:  [4]) 

(1)  Prevent  formation  of  ice 

(2)  Melt  ice  that  has  formed,  and 

(3)  Prevent  buildup  of  snowpack 

The  two  chemicals  commonly  used  for  this  purpose  are  sodium  chloride 
and  calcium  chloride.  [61] 

There  are  alternates  to  the  commonly  used  calcium  chloride  and 
sodium  chloride.  Some  of  these  include:  urea,  urea-formamide  mixture, 
tetrapotassium  pyrophosphate  (TKPP),  ethylene  glycol,  ammonium  acetate, 
sucrose,  ethanol ,  magnesium  chloride,  methanol,  UCAR  II,  potassium 
chloride,  ammonium  sulfate,  ammonium  nitrate  (fertilizers),  aluminum 
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chloride  and  lithium  chloride  [42,  [46]  and  [60]. 

Some  of  the  alternative  chemicals  which  have  been  proven  effective 
are  formamide,  urea,  urea-formamide  mixture,  tetrapotassium  pyro- 
phosphate (TKPP),  ethylene  glycol  and  ammonium  acetate.  All  of  these 
are  susceptible  to  biodegradation.  This  process  results  in  products 
which  may  promote  unwanted  algae  or  weed  growth;  are  toxic  to  aquatic 
life  if  present  at  certain  concentrations;  and  consume  large  quantities 
of  oxygen  in  the  water  during  degradation,  leading  to  asphyxiation  of 
aquatic  life.  However,  climatic  conditions  influence  the  manner  in 
which  these  processes  occur.  Thus,  during  the  cold  winter  months,  only 
a  small  amount  of  biodegradation  is  expected  and  the  process  poses  no 
problem.  It  is  in  the  warmer  months  that  care  should  be  exercised  that 
relatively  high  accumulations  of  biodegradable  deicing  materials  are 
not  available  for  degradation  in  areas  sensitive  to  pollution  and 
toxicity.  With  the  foregoing  considerations,  the  following  alternative 
deicing  chemicals  are  recommended  for  further  evaluation  and  perhaps 
modification  to  improve  their  functioning:  Formamide,  urea,  tetra- 
potassium pyrophosphate  (TKPP)  ,  a  formamide  -  urea-water  mixture  and 
a  tri potassium  phosphate-formamide  mixture  [4]. 

The  physical  characteristic  of  chlorides  and  other  deiciers  which 
enables  them  to  remove  ice  from  highways  is  their  ability  to  lower  the 
freezing  point  of  water  and  thus  prevent  and  reverse  the  formation  of 
ice.  This  lowering  of  the  freezing  point  is  caused  by  a  lowering  of 
the  vapor  pressure  of  the  solution.  Wheneve.  a  substance  exists  in  two 
states  which  are  in  contact  with  each  other,  as  for  example  water  and 
ice,  thereis  a  constant  interchange  of  molecules  between  the  two 
states.  This  interchange  of  molecules  creates  what  is  called  vapor 
pressure. 

If  the  vapor  pressure  of  the  solid  is  greater  than  that  of  the 
liquid,  more  molecules  will  leave  the  solid  state  than  will  return  and 
the  solution  will  become  entirely  liquid;  and  conversely  if  the  vapor 
pressure  of  the  liquid  is  greater  than  that  of  the  solid,  more  molecules 
will  enter  the  solid  state  than  will  leave  and  the  solution  will  be- 
come entirely  solid.  The  freezing  point  is  that  point  at  which  the 
vapor  pressure  of  the  liquid  equals  the  vapor  pressure  of  the  solid. 

In  a  solution,  if  the  solute  is  more  soluble  in  the  liquid  than 
in  the  solid,  the  solute  molecules  will  remain  in  the  liquid,  resulting 
in  fewer  molecules  of  solvent  for  a  given  volume  and  hence  a  lower 
vapor  pressure.  When  the  vapor  pressure  of  the  liquid  becomes  lower 
than  that  of  the  solid,  the  solid  state  will  change  to  liquid  until  a 
new  equilibrium  point  is  reached.  Both  calcium  chloride  and  sodium 
chloride  are  more  soluble  in  water  in  the  liquid  state  than  in  the 
solid  state. 

Vapor  pressures  decrease  with  a  decrease  in  temperature  and  values 
for  pure  ice  and  for  pure  water  have  been  determined  for  various 
temperatures.  The  amount  of  reduction  in  vapor  pressure  caused  by  the 
addition  of  various  solutes  has  also  been  determined.  Using  this 
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information,  the  freezing  point  of  a  solution  can  be  found  in  the 
following  manner: 

1°.  Compute  the  strength  of  the  solution  in  terms  of  gram 
molecules  of  salt  per  liter  of  water. 

2.  Using  standard  physical  chemistry  handbook  tables, 
determine  the  percentage  reduction  in  vapor  pressure 
of  this  solution. 

3.  Find  the  temperature  at  which  the  vapor  pressure  of 
pnre0  water  "when  reduced  by  the  percentage  determined 
in°(2)  equals  the  vapor  pressure  of  pure  ice. 


Temperature  »■ 

FIGURE  52:  SALT    SOLUTIONS  MELT 
ICE    BY  DEPRESSING  THE  FREEZING 
POINT  THROUGH  THE    MECHANISM  OF 
REDUCING  THE  VAPOR  PRESSURE  (4) 

Table  16  summarizes  the  eutectic  temperature  and  cost  for  various 
deicing  chemicals: 

TABLE  16:  EUTECTIC  TEMPERATURE  AND  COSTS  FOR  VARIOUS  DEICINC  CHEMICALS 


EUTECTIC 

CONCENTRATION  AT 

COST* 

SALT 

CHEMICAL 

TEMP. 

EUTECTIC  TEMP. 
PERCENT 

LAKE 

CITY, 

UT. 

Deg.  F 

Deg.  C 

Metric 

Ton 

Sodium  Chloride 

-6 

-21.1 

23.3 

9 

10 

Calcium  Chloride 

-67.0 

-55 

29.8 

31 

34 

Potassium  Chloride 

-13 

-10.6 

19.8 

27 

30 

Ammonium  Sulfate 

2.2 

-19 

38.3 

28 

31 

Ammonium  Nitrate 

1.0 

-17.2 

41.2 

-- 

-- 

Urea 

11 

-11.7 

32.6 

82 

90 

Alluminum  Chloride 

-67 

-55 

25.3 

290 

320 

Lithrium  Chloride 

-112 

-80 

25.3 

1,579 

1 

,740 

TKPP 

-- 

-- 

Ethylene  Glycol 

Not  Ava' 

1  able 

-- 

-- 

:In  Dollars  per  Ton,  1976 
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Sodium  chloride  (rock  salt)  and  calcium  chloride  are  the  most 
commonly  used  deicing  chemicals.  Sodium  chloride,  because  of  its 
relatively  low-cost  and  clacium  chloride,  because  of  its  rate  of 
effectiveness  at  lower  temperatures.  Because  some  substances  are  less 
soluble  than  others,  adding  more  material  will  not  depress  the  freezing 
point  the  same  amount  for  all  substances.  The  solubility  of  sodium  and 
calcium  chloride  is  shown  in  a  phase  diagram  Figure  53. 
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FIGURE   53!  PHASE   DIAGRAM   FOR   SODIUM   CHLORIDE   AND 
CALCIUM  CHLORIDE  (4) 


Adding  salt  to  the  same  quantity  of  water  calls  for  moving  to  the 
right  along  the  horizontal  axis.  As  we  do  so,  so  drops  the  freezing 
point  (labeled  "solubility  curve"  because  it  divides  the  region  where 
salt  is  completely  in  solution  from  that  where  ice  will  form).  The 
freezing  point  will  continue  to  drop  until  the  salt  concentration 
reaches  about  23  percent.  Here  the  freezing  point  reaches  a  minimum 
of  -21  °C  (-6°F)  called  the  eutectic  point,  and  adding  more  salt  only 
serves  to  raise  the  freezing  point.  If  the  temprature  is  lowered 
below  the  eutectic  point,  salt  will  no  longer  remain  in  solution  but 
will  solidify  outside  the  ice  boundary. 

The  phase  diagram  for  calcium  chloride  is  similar,  but  at  low 
concentrations  the  curve  is  flatter;  i.e.,  the  freezing  point  depres- 
sion is  less.  The  drop  in  freezing  point  increases  rapidly  as  the 
concentration  increases  and  the  curve  becomes  progressively  steeper, 
until  the  eutectic  point  is  reached  at  about  30  percent  CaClo  and  a 
freezing  point  of  -55°C  (-67°F). 

When  water  freezes  it  gives  up  heat  in  the  amount  of  80  calories 
per  gram  (144  Btu/lb)  -  the  latent  heat  of  fusion.  Melting  is  the 
inverse  process,  and  heat  must  be  added  to  ice  to  melt  it.  In  the  case 
of  ice  on  a  pavement,  heat  can  come  from  the  air,  from  solar  radiation, 
or  from  the  pavement  and  its  corresponding  heat  reservoir.  In  all 
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cases,  however,  heat  will  only  flow  downhill  that  is,  from  a  hot  to  a 
cold  body.  When  a  deicing  chemical  is  spread  on  ice  and  goes  into 
solution,  the  freezing  point  is  lowered,  the  vapor  pressure  is  lowered, 
and  additional  ice  tries  to  reach  the  more  comfortable  state  of  melting. 
It  will  do  so  only  if  there  is  a  source  of  heat  available  [65]. 

In  summary,  the  following  requirements  must  be  satisfied  to  melt 
ice  by  means  of  chemicals: 

1.  Sufficient  moisture  must  be  available  to  dissolve  the 
deicing  chemicals. 

2.  A  heat  source  must  be  available  to  provide  the  energy  for 
melting. 

3.  The  concentration  of  chemical  must  not  exceed  the  eutectic 
composition  in  order  to  achieve  complete  utilization  of 
the  chemical  [4]. 

From  Figure  53  it  is  noted  that  at  concentrations  of  sodium 
chloride  and  calcium  chloride  in  the  one  to  five  percent  range,  the 
melting  temperature  of  the  solution  is  approximately  the  same.  The 
reason  for  such  notable  differences  from  the  effects  of  adding  CaCl2 
or  NaCl  is  due  to  their  heats  of  solution.  For  example,  calculations 
show  that  a  ten  percent  calcium  chloride  solution  has  a  freezing  point 
of  approximately  -5.5°C  (22.1°F)  while  a  ten  percent  sodium  chloride 
solution  has  a  freezing  point  of  approximately  -7°C  (19.4°F).  This 
indicates  a  greater  lowering  of  the  freezing  point  by  sodium  chloride 
than  by  calcium  chloride  in  ten  percent  solutions;  this  is  in  agree- 
ment with  the  fact  that  there  are  more  ions  present  per  gram  in  sodium 
chloride.  Field  tests  indicate  better  results  at  low  temperatures  with 
calcium  chloride  than  with  sodium  chloride.  This  difference  is  explain- 
ed by  the  difference  in  solubility  of  the  two  chemicals  at  lower 
temperatures.  At  0°C  (32°F)  it  is  possible  to  dissolve  only  357  grams 
of  sodium  chloride  in  one  liter  of  water  as  compared  to  595  grams  of 
calcium  chloride.  This  greater  solubility  produces  solutions  of  greater 
strength  and  therefore  lower  freezing  points  than  those  obtainable  with 
sodium  chloride. 

Two  other  qualities  affect  the  melting  characteristics  of  these 
chlorides.  Both  are  concerned  with  the  rate  of  melting  rather  than 
the  total  amount  of  melting.  The  first  step  in  the  melting  process 
is  the  formation  of  a  liquid  solution.  Here  the  clacium  chloride 
holds  the  advantage  in  that  it  forms  hydrates  and  thus  draws  moisture 
(deliquescent)  from  the  air  to  form  the  initial  solution  much  faster 
than  sodium  chloride  which  is  not  deliquescent. 

The  other  characteristic  involved  is  the  heat  of  solution.  Heat 
is  required  to  transform  ice  into  water  and  must  be  supplied  from 
either  the  surrounding  air  or  from  the  solution.  Heat  is  also  involved 
in  dissolving  a  solute  into  a  solvent  and  this  heat  is  called  the  heat 
of  solution.  Calcium  chloride  in  the  anhydrous  form  produces  17,990 
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calories  (71.4  BTU)  of  heat  when  111  grams  (24  lb)  are  dissolved  in 
7,200  grams  (15.9  lbs.)  of  water.  The  same  amount  of  calcium  chloride 
in  the  form  with  two  hydrates  (flake)  produces  10,040  calories  (39.8 
BTU).  On  the  other  hand,  to  dissolve  this  quantity  of  sodium  chloride 
in  this  much  water  would  require  an  additional  2,400  calories  (9.5 
BTU)  from  some  other  source.  This  would  have  its  greatest  effect  on 
the  initial  melting  when  the  chemical  is  just  going  into  solution  [61]. 

Use  of  the  eutectic  temperature  for  means  of  comparing  the 
effectiveness  of  deicing  chemicals  is  not  particularly  good.  For 
instance,  if  a  snow  depth  of  only  2.54  cm  (one  inch)  is  on  a  pavement, 
and  if  the  water  equivalent  is  1:10,  then  2.54  mm  (0.1  inches)  of 
water  will  be  present.  If  a  common  application  rate  of  sodium  chloride 
at  85  kilograms  per  kilometer  (300  pounds  per  lane  mile)  is  uniformly 
applied,  then  the  corresponding  salt  concentration  in  the  water  will 
be  only  0.91  percent.  From  the  sodium  chloride  phase  diagram,  Figure 
53,  0.91  percent  sodium  chloride  solution  will  lower  the  melting  point 
of  water  approximately  .5°C  (1°F)  not  representative  of  its  -21 °C 
(-6°F)  capacity  for  melting  water.  This  is  also  the  case  when  consid- 
ering additivies  to  salt  such  as  magnesium  chloride,  lithium  chloride 
or  others;  the  corresponding  reduction  in  the  freezing  point  at 
concentrations  resembling  that  of  common  highway  salting  is  very   slight. 

Minnesota  Department  of  Highways  conducted  field  ice  removal  tests 
on  fifteen  combinations  of  deicing  materials  within  three  temperature 
ranges  [62] .  Data  was  collected  on  ice  thickness,  actual  quantity  and 
location  of  chemical  or  abrasive  applied,  and  periodic  condition  of 
the  ice  with  regard  to  amount  of  ice  removed.  The  materials  were 
sampled  for  moisture,  crusting,  and  caking  for  a  period  of  ten  months. 
The  test  site  selected  for  the  ice  removal  portion  of  the  study  was  a 
short  section  of  unopened  Interstate  highway.  The  facility  is  a  four- 
lane  divided  portland  cement  concrete  paved  roadway  with  bituminous 
surfaced  shoulders. 

The  ice  removal  materials  selected  for  comparison  in  this  study 
were  sodium  chloride  (rock  salt  and  evaporated  salt);  Type  I  and  Type 
II  calcium  chloride  flakes;  calcium  chloride  pellets;  mixtures  of 
calcium  and  sodium  chloride;  a  mixture  of  calcium  chloride  and  sand; 
and  a  mixture  of  sodium  chloride  and  sand. 

After  performing  field  tests  during  the  winters  of  1960  to  1966  it 
was  decided  to  eliminate  some  of  the  variations  in  mixtures  because 
the  comparative  ice  removal  action  between  mixtures  was  not  too 
apparent.  The  chemicals  were  applied  in  a  narrow  band  approximately 
one  meter  (three  feet)  out  from  the  centerline  using  a  chemical 
dribbler.  The  application  of  evaporated  salt  produced  a  very   narrow 
band  of  chemical  on  the  roadway,  whereas  the  mixture  of  calcium 
chloride  and  sodium  chloride  scattered  considerably.  Similar  scatter- 
ing was  noted  with  straight  calcium  chloride  pellets  as  well  as  with 
rock  salt.  The  calcium  chloride  flakes,  however,  scattered  less  than 
the  calcium  chloride  pellets  or  rock  salt  but  more  than  the  evaporated 
salt.  The  width  of  application  of  abrasives  varied  from  about  one  to  3 
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meters  (3  to  10  feet);  however,  most  applications  were  between  one 
and  two  and  one  half  meters  (3  to  8  feet). 

Traffic  was  simulated  over  the  test  section  corresponding  to 
approximately  1,440  vehicles  per  lane  per  day. 

Because  this  portion  of  the  study  had  so  many  uncontrolled 
variables  (such  as  temperature,  wind,  and  humidity),  the  results  are 
not  repeatable.  Therefore,  the  graph  plots  presented  are  considered 
trends  based  on  mean  values  of  the  observed  and  calculated  data. 

Figure  54  shows  a  plot  of  volume  of  ice  melted  by  sodium 
chloride  (rock  salt)  in  cubic  feet  per  lane-mile  versus  time  in 
minutes  (vehicles  headway  remaining  constant)  for  three  conditions  of 
average  ice  and  air  temperature. 

The  relative  rates  of  ice  removal  by  calcium  chloride  and  sodium 
chloride  are  shown  in  Figures  55,  56,  and  57.  The  comparison  at  -8.3°C 
(17°F)  shows  that  initially  the  CaCl2  is  more  effective  but  as  the 
action  progresses  the  rate  of  melting  decreases  whereas  that  of  the 
rock  salt  remains  more  nearly  constant  up  to  about  one  hour  and 
evenutally  overtakes  the  rate  of  the  calcium  chloride.  As  shown  in 
Figure  56,  the  rate  of  ice  removal  by  rock  salt  at  lower  temperature 
does  not  approach  that  of  the  CaCl 2  pellets.  Figures  56  and  56  indicate 
that  sodium  chloride  is  relatively  ineffective  below  -12°C  (10°F)  in 
clearing  a  wheelpath  within  a  reasonable  period  of  time. 

Figures  58  and  59  are  plots  of  the  comparative  ice  removal  rates 
of  calcium  chloride  (pellets),  sodium  chloride  (rock  salt),  and  a  1/3 
calcium  chloride  (pellet)  to  2/3  sodium  chloride  (rock  salt)  mixtures 
at  -8.3°C  (17°F)  and  -12°C  (10°F)  respectively.  The  plots  show  that 
the  chemical  mixture  removes  ice  at  a  rate  closely  resembling  that  of 
straight  calcium  chloride  while  still  retaining  most  of  the  economical 
advantage  of  sodium  chloride. 

The  comparative  ice  removal  rates  of  sodium  chloride  (evaporated 
salt)  and  the  1/3  CaCU  to  2/3  NaCl  mixture  at  -8.3°C  (17°F)  and 
-12°C  (10°F)  are  shown  in  Figures  60  and  62  respectively.  The  plots 
show  that  initially  the  rate  of  ice  removal  by  the  evaporated  salt  is 
somewhat  greater  than  the  pellet-rock  salt  mixture;  however,  the 
evaporated  salt  is  overtaken  by  the  mixture  within  30  to  40  minutes. 

Figures  61  and  63  are  plots  of  the  comparative  ice  removal  rates 
of  abrasive-chloride  mixtures  and  a  1/3  CaCl2  to  2/3  NaCl  mixture.  As 
indicated  by  the  curves  the  abrasive-chloride  mixtures  are  relatively 
ineffective  for  ice  removal  from  pavements  particularly  at  the  lower 
temperatures. 

It  should  be  noted,  for  results  summarized  in  Figures  55  through 
63  that  the  data  collected  during  the  experimental  portion  of  the  study 
was  as  few  as  three  points  per  curve,  which  may  be  fitted  by  any  one 
of  several  lines.  Therefore,  these  graphs  do  represent  trends  which 
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may  be  significant  but  should  not  be  interpreted  as  exact  expressions. 

A  three  part  laboratory  study  of  various  salt  mixtures  [4]  con- 
sisted of  certain  measurements  of  the  melting  caused  by  application  of 
salts  to  ice,  with  variables  such  as  mixture  composition,  temperature, 
and  dosage  rate.  The  second  part  of  the  investigation  was  the  attempt 
to  devise  testing  procedures  which  give  consideration  to  the  weakening 
of  the  bond  between  an  ice  sheet  and  a  Portland  cement  or  asphaltic 
concrete  surface,  and  also  to  the  effect  of  the  wheel  action  of  traffic. 
These  two  parts  constituted  the  laboratory  studieso.  The  third  part  of 
the  study  was  the  intended  field  observations  and  correlation  with  the 
laboratory  results. 

These  tests  provided  the  following  general  results:  (1)  the 
quantity  of  melting  was  independent  o£  the  ice  thickness;  (2).,  the 
amount  of  melting  varied  directly  with  the  quantity  of  the  salt 
added;  (3)  the  amount  of  melting  varied  with  the  amount  of  calcium 
chloride  in  sodium-calcium  chloride  mixtures;  (4)  the  amount  of  melting 
in  a  given  time  was  greater  at  higher  temperatures;  and  (5)  with 
calcium  chloride  the  rate  of  melting  was  initially  rapid  with  a  sub- 
sequent slow-down,  and  with  sodium  chloride  the  rate  was  initially 
slow  with  a  later  speed-up,  so  that  a  time  might  be  reached  when  the 
rate  with  sodium  chloride  equalled  or  became  greater  than  that  with 
calcium  chloride;  the  exact  comparison  was  dependent  on  the  temperature, 

Some  attempts  were  also  made  to  measure  penetration  rates  of  the 
crystals  or  pellets  of  the  different  salts.  These  tests,  however, 
involved  certain  difficulties  and  the  results  were  rather  meager.  It 
was  thought  that  rate  of  penetration  might  have  some  bearing  on  ice 
removed  on  a  road,  but  that  this  effect,  if  present,  should  be  a  factor 
which  would  affect  the  results  in  the  drop  tests  and  wheel  tests 
described  later. 

A  "drop  test"  (4)  was  used  to  indicate  bond  between  the  ice  layer 
and  road  surface.  Several  distinct  trends  were  noted  from  this  series 
of  tests.  Among  these:  (1)  the  time  of  drop  increases  appreciably 
with  decreasing  temperature;  (2)  sodium  chloride  has  a  much  longer 
drop  time  than  the  various  mixtures  at  the  lower  temperatures  but  thi£ 
difference  becomes  less  at  temperatures  near  the  freezing  point;  and 
(3)  the  mixtures  do  not  seem  to  affect  the  time  of  drop  in  any  way 
except  in  direction  proportion  to  the  quantity  of  each  chemical. 

At  the  University  of  Minnesota,  as  reported  by  Kersten,  et  al .  [4] 
tests  were  run  on  the  amount  of  ice  melted  in  fifteen  to  twenty  minutes 
at  varying  temperatures.  These  tests  confirmed  the  faster  ice-melting 
action  of  calcium  chloride  at  all  temperatures  and  the  greatly  reduced 
effectiveness  of  salt  at  lower  temperatures. 

Field  studies  in  Michigan  showed  that  there  was  an  average 
increase  of  63  percent  in  clear  area  on  icy  pavements  two  hours  after 
applications  of  a  mixture  of  67  percent  salt  and  33  percent  calcium 
chloride  mixture.  Indications  are  that  at  a  shorter  time  interval, 
mixtures  would  be  more  effective  even  at  the  high  temperatures 
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encountered  -3.9°C  to  -5.6°C  (25°F  to  31 °F)  where  salt  normally  does 
its  best  job.  With  lower  temperatures  and  other  factors  entering  in, 
the  greater  effectiveness  of  calcium  chloride-salt  mixtures  would 
undoubtedly  be  more  pronounced  [4]. 

Winchester,  Massachusetts  bases  it's  use  of  sodium  chloride  on 
the  three  T's  -  terrain,  traffic  and  temperature  [63].  The  average 
storm  in  this  area  has  been  a  ten-hour  storm  with  a  10.9  cm  (4.3  inch) 
accumulation.  A  cost  analysis  for  the  typical  storm  for  each  of  the 
three  methods  of  1)  all  salt  program,  no  plowing;  2)  sand-salt  mixture 
and  plowing;  and  3)  plowing  and  salting  at  the  storms  end  was  tried. 
The  results  showed  method  1)  as  $7,014. 70/storm,  2)  $1 2,776. 50/storm, 
and  3)  $11 ,121 .65/storm. 

Through  the  melting  action  of  salt,  concentrated  brine  forms  and 
resists  further  dilution  under  subfreezing  temperatures.  The  strong 
brine  quickly  crystalizes.   In  contrast,  a  small  amount  of  liquid-form 
calcium  chloride  added  to  907  kilograms  (a  ton)  of  salt  dilutes  both 
chloride  brines,  bringing  them  to  a  state  incapable  of  further  melting. 
As  a  result,  only  a  minimum  of  salt  recrystal ization  occurs.  Engineers 
report  that  application  rates  of  salt  per  kilometer  (mile)  have  been 
sharply  reduced,  while  superior  effectiveness  has  been  achieved  [64]. 

A  field  test  was  performed  in  January,  1969,  on  a  county  road  in 
Clayton  County,  Iowa.  Nine  hundred  and  seven  kilograms  (one  ton)  of 
salt  treated  with  36  liters  (9  1/2  gallons)  of  32  percent  calcium 
chloride  solution  was  distributed  over  the  full  6.7  meter  (22  foot) 
pavement  width  at  the  rate  of  140  kg  per  kilometer  (500  pounds  per 
mile).  Surface  conditions  indicated  2  centimeters  (3/4  inches)  of 
accumulated  ice  from  intermittent  rain  and  snow.  Temperature  was 
estimated  at  zero  degrees  with  a  high  for  the  day  of  -15°C  (5°F). 
Wind  was  estimated  at  29  kilometers  per  hour  (18  mph),  the  sun  was 
shining,  and  no  traffic.  When  the  spreading  operation  was  completed, 
a  return  to  the  starting  point  showed  a  100  percent  slush  condition, 
with  no  bonding  of  ice  to  the  pavement.  Elapsed  time  was  35-40 
minutes  [64]. 

As  reported  in  [65]  on  the  use  of  sodium  chloride  and  calcium 
chloride  is  the  deicing  effectiveness  of  a  mixture  of  these  two 
materials,  particularly  at  any  temperature  from  about  -23°C  (-10°F) 
and  up,  mixtures  of  these  deicers  are  more  effective  than  either  one 
used  alone. 

Sodium  chloride  is  more  generally  available  and  has  more  of  what 
industry  calls  "source  points"  relatively  close  to  locations  where 
it's  to  be  used.  Calcium  chloride  generally  costs  more  to  ship  and 
takes  longer  to  deliver. 

In  some  localities,  calcium  chloride  is  used  in  practically  every 
deicer  application  -  as  an  advantageous  ingredient  in  a  mixture  with 
sodium  chloride.  Because  one  application  of  such  a  mixture  does  a 
faster  and  more  thorough  job  of  deicing  than  "rock  salt"  alone: 
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•  It  takes  fewer  passes  of  spreader  trucks  and  plows  to  get 
streets  and  highways  clear  -  so  theoverall  costs  of  labor,  equipment 
rental  or  equipment  wear-and-tear  are  reduced. 

•  The  total  amount  of  deicer  chemicals  put  down  as  a  mixture 

is  less  than  the  total  amount  needed  to  achieve  the  same  result  with 
"rock  salt"  alone  -  so  the  amount  of  material  that  could  affect  the 
environment  is  less. 

The  cost  factors  have  some  secondary  aspects.  Because  calcium 
chloride  is  more  costly  on  a  per-ton  basis,  and  because  it  is  more 
hygroscopic  than  sodium  chloride,  it  gets  more  protection  from  those 
who  buy  it  and  put  it  in  storage. 

Instead  of  the  open  storage  piles  commonly  employed  for  "rock 
salt"  deicer  reserves,  calcium  chloride  generally  goes  into  covered 
stroage  with  additional  effort  made  to  keep  the  stockpile  moisture- 
proof. 

The  Michigan  State  Highway  Department  [66]  made  a  comparison  of 
sodium  chloride  and  a  3:1  mixture  of  sodium  chloride  and  calcium 
chloride. 

The  treatments  were  evaluated  in  sixty-seven  storm  conditions 
duirng  January  and  Febraury  If  1962.  All  application  and  handling 
methods  followed  normal  winter  ice  control  procedures.  From  these 
tests  it  was  felt  enough  significant  data  were  obtained  to  support 
the  following  conclusions: 

(1)  There  was  no  appreciable  difference  between  the  effective- 
ness of  plain  salt  and  the  mixtures  at  temperatures  from 
-14°C  to  0°C  (6°F  to  32°F). 

(2)  The  mixtures  did  not  store  or  handle  as  well  as  rock  salt 
and  there  was  some  inconvencience  and  loss  of  material 
due  to  hardening. 

(3)  Both  forms  of  the  mixture  performed  in  about  the  same 
manner. 

(4)  Straight  salt,  being  cheaper,  easier  to  store,  and  as 
effective  as  the  3:1  mixture,  should  continue  as  the 
Department's  primary  ice  control  chemical. 

To  obtain  faster  melting  at  temperatures  below  -9°C  (15°F), 
a  substantial  increase  in  the  amount  od  calcium  chloride  appears 
necessary. 

During  the  past  several  years,  rock  salt  has  been  the  most  widely 
used  chemical  for  removing  ice  and  snow  from  highway  pavements  during 
winter  maintenance  operations.  In  addition  to  generally  being  the 
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most  economical  chemcial  available  for  this  purpose,  rock  salt  usually 
can  be  handled  and  stored  with  less  difficulty  than  other  ice  control 
materials,  and  generally  its  performance  is  satisfactory  within  normal 
storm  temperature  ranges.  At  lower  temperatures,  say  -9°C  (15°F)  or 
below,  calcium  chloride  is  often  used  either  alone  or  in  combination 
with  rock  salt  to  increase  the  rate  of  melting. 

Hank  Farrell  in  Pennsylvania  [67]  has  experimented  with  pre-mix 
deicers  consisting  of  one  part  calcium  chloride  and  five.parts  sodium 
chloride  in  an  effort  to  combat  ice  and  snow  under  unusually  cold 
conditions  where  the  temperature  falls  below  -15°C  (5°F). 

If  salt  and  calcium  chloride  are  mixed,  Pennsylvania  suggests 
the  following  formula:  For  temperatures  above  25  degrees  F  (-4°C) 
we  use  straight  salt.  With  tempeatures  between  15  degress  and  25 
degrees  (-9  and  -40°C)  one  part  calcium  chloride  to  three  parts  salt. 
For  temperatures  between  5  and  15  degrees  F  (-15  and  -9°C)  one 
part  calcium  chloride  to  two  parts  salt.  For  temperatures  below  5 
degrees  F  (-15°C)  equal  parts  calcium  chloride  and  salt.  Below 
5  degrees  F  (-15°C)  only  calcium  chloride;  however,  Pennsylvania 
must  rely  on  other  anti-skid  material  available. 

Caution  should  be  exercised  in  the  use  of  chemicals  during 
periods  of  sharp  temperature  drops  because  slush  and  brine  may 
refreeze.  When  the  snow  has  stopped  all  slush  should  be  plowed 
promptly  so  the  pavement  may  dry  as  quick  as  possible. 

Dow  Chemical  Company  reported  [68]  that  the  most  effective, 
economical  and  efficient  deicer  is  a  mixture  of  calcium  chloride  and 
rock  salt.  Thereasoning  given  is  as  follows: 

c  The  most  effective  is  calcium  chloride.  At  all  subfreezing 
temperatures  normally  occurring  in  snowbelt  regions 
(chemically,  down  to  -51 °C  (-59°F)  practically,  down  to 
about  -29°C  (-20°F))  where  speed  of  action  is  a  signifi- 
cant factor,  calcium  chloride  is  more  effective  in  a 
shorter  time.  Sodium  chloride  (chemically  ineffective 
below  -21 °C  (-6°F)  rapidly  loses  effectiveness  as  sub- 
freezing  temperatures  drop.  Sluggishness  is  particularly 
noticeable  beginning  at  about  minus  four  degrees  C  (25°  F). 

c  The  most  economical  is  rock  salt.  At  elevated  temperatures 
(-40C  to  0°C  or  25°F  to  32°F)  and  where  time  is  not  a 
significant  factor,  rock  salt  is  most  economical.  Its 
mode  of  occurrence  and  physical  properties  (essentially 
non-hygroscopic  and  non-deliquescent)  give  it  an  advantage 
in  production  and  handling  costs  over  manufactured  products 
like  calcium  chloride  which  is  highly  hygroscopic  and 
del iquescent. 

e  The  most  efficient  are  mixtures  of  calcium  chloride  and 
rock  salt.  Performance  capabilities  are  directly  proportional 


75 


to  the  mixture  ratios.  The  higher  the  CaCl?  content,  the 
better  the  performance  of  the  mixture. 

Thus,  a  mixture  containing  100  percent  calcium  chloride  and  zero 
percent  rock  salt  is  the  most  effective  and  a  mixture  containing  zero 
percent  calcium  chloride  and  100  percent  rock  salt  is  the  most  economi 
cal  (if  speed  of  action  and  temperature  conditions  are  not  to  be 
considered) . 

A  mixture  containing  some  calcium  chloride  and  some  rock  salt  is 
the  most  efficient  provided  their  performance  capabilities  are 
respected. 

Inasmuch  as  a  pellet-type  calcium  chloride  particle  has  its 
potency  concentrated  into  the  most  effective  (sphere-like)  contact 
cofiguration,  it  will  penetrate  ice  to  a  greater  depth  than  a  flake- 
type  particle  of  equal  calcium  chloride  concentration.  The  resultant 
liquid  solutions  will  continue  to  work  until  they  have  equilibrated 
with  surroundings. 

On  Solid  Glare  Ice 
Time  Required  To  Break  Ice  Bond  By  Penetration  Of  Chemical 

To  SurfaceOf  Road -Rate:  140  Kg.  Lane  Km.  (500  Lb.  Lane  Mi.) 
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FIGURE    64:    ICE    PENETRATION    AS    RELATED    TO   PRODUCT    COMBINATION 

From  a  physical  standpoint,  wetness  provided  by  solutions  (liquids) 
or  solids)  of  calcium  chloride  does  cause  rock  salt  to  embed  most 
quickly  in  an  icy  surface.  This  triggers  rock  salt's  ice  melting 
action  and  keeps  the  mixture  within  the  treatment  area. 
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A  liquid  solution  of  calcium  chloride  will  initiate  melting  action 
slightly  faster  than  its  solid  solution.  But,  because  it  contains 
less  CaCl-,  it  will  use  up  its  "melting  power"  and  equilibrate  with 
surroundings  earlier  [68]. 

In  addition  to  application  of  salt(s)  in  rock  or  pellet  form  is 
to  pre-wet  the  salt(s)  and  then  apply. 

Field  tests  that  Iowa  conducted  during  the  winter  of  1970-71  with 
35  liquid  calcium  chloride  applicator  kits  [4]  showed  that  prewetting 
salt  prior  to  application  on  the  road  produced: 

1)  Quicker  snow  melting  because  the  30-to  45-minute  period  usually 
required  for  brine  to  form  was  nearly  eliminated. 

2)  Less  salt  waste  because  prewetted  salt  does  not  bounce  on  ice 
or  snow  but  adheres  and  immediately  begins  to  bore  through  the  frozen 
layer. 

3)  Greater  latitude  in  use  of  rock  salt;  melting  has  been 
experienced  with  prewetted  salt  at  temperatures  as  low  as  -16°C  (3°F) 
whereas  normal  salting  is  terminated  when  temperatures  drop  below 
-7°C  (20°F). 

4)  Reduction  in  salt  use  because  of  the  quicker,  more  effective 
use  of  the  material.  It  is  estimated  that  prewetting  may  reduce  the 
quantity  of  salt  required  by  40  percent. 

5)  Greater  periods  of  bare  pavement  surfaces  during  winter  snow 
and  ice  storms. 

Approximately  38  liters  of  liquid  was  applied  to  a  metric  ton  of 
salt  (10  gallons  liquid  to  2,000  lbs  salt).  On  those  trucks  equipped 
with  tail-gate  spreaders,  liquid  calcium  chloride  was  sprayed  on  the 
load  at  the  yard  by  means  of  a  multi-nozzle  spray  bath. 

Connecticut  is  using  propylene  glycol  for  wetting  salt  on  a  road 
passing  close  to  a  reservior  [4].  Other  materials  (salt  brine, 
methanol)  have  been  used  by  some  agencies  for  prewetting  salt. 

In  order  to  verify  savings  in  salt  usage  and  to  determine  to  what 
degree  the  accelerated  action  of  the  salt  is  advantageous,  test  were 
conducted  throughout  the  state  of  Michigan  in  the  1972-73  season.  Of 
particular  interest  was  the  testing  of  prewet  salt  during  the  summer 
of  1972.  From  the  results  of  these  tests,  Michigan's  Department  of 
State  Highway's  Maintenance  Methods  Unit  made  recommendations  for 
continued  testing  of  prewet  salt  [69]. 

During  the  fall  of  1972,  eight  snow  removal  units  at  various 
locations  thorughout  Michigan,  were  equipped  to  spread  ice  control  salt 
prewetted  with  a  liquid  chloride  solution.  Each  unit  was  assigned  a 
designated  route  so  that  results  could  be  observed  by  area  and  district 
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personnel.  The  use  of  two  units,  one  at  Coloma  and  another  at  Grand 
Ledge,  was  limited  to  the  breakdown  of  trucks. 

From  the  six  remaining  locations,  40  reports  were  received  by  the 
Methods  Unit.  The  following  is  a  general  summary  of  these  reports: 

*  53%  felt  the  wet  salt  worked  better. 

*  49%  noted  accelerated  action. 

*  40%  stated  that  the  wet  salt  sections  were  cleared  earlier. 
c  30%  could  see  an  improved  pattern. 

Other  points  noted: 

*  At  temperatures  of  -3°C  to  0°C  (27°F  to  32°F)  there  is  very 
little  difference  in  the  melting  action  between  wet  salt  and 
dry  salt. 

*  The  improved  pattern  of  wet  salt  is  evident  at  any  temperature. 

c  At  temperatures  below  7°C  (20°F)  there  are  definite  advantages 
in  the  accelerated  action  and  the  over-all  results. 

The  reports  on  the  testing  conducted  during  the  summer  of  1972 
indicate  that  by  adding  liquid,  salt  patterns  are  improved.  The  test 
was  made  over  1,050  meters  (.2  mile).  Salt  sweepers  went  out  and  came 
back  with  the  results.  The  dry  salt  spreads  (scatter)  out  farther 
as  contrasted  to  prewetted  salt  that  stays  more  nearly  where  it  is 
placed  (in  the  center  of  the  road).  In  addition,  only  four  percent 
of  the  prewetted  salt  went  off  the  pavement  as  compared  to  30  percent 
of  the  dry. 

The  above  facts  were  also  noted  on  several  reports  observed 
during  the  winter  testing.  Thirty  percent  of  received  reports  were 
from  observations  made  at  temperatures  below  6°C  (20°F).  In  each 
case,  the  observer  felt  that  the  wet  salt  was  a  definite  advantage 
at  the  lower  temperatures. 

Characteristics  of  deicing  chemicals  other  than  the  chlorides 
on  their  mixtures  have  been  summarized  by  Zenowitz  [46]  as  the  follow- 
ing: Formamide  has  a  comparatively  high  freezing  point,  2.55°C  (36.5° 
F)  which  is  a  disadvantage.  However,  this  can  be  remedied  by  mixing 
with  water  which  acts  as  a  freezing  point  depressant  in  the  mixture.  A 
concentration  range  of  about  33  to  88  percent  formamide  will  not  freeze 
at  -18°C  (0°F).  A  lower  or  higher  concentration  of  formamide  at  this 
temperature  (-18°C)  will  cause  crystallization  of  ice  or  formamide  to 
form  a  slush.  Such  crystallization  and  slush  formation  will  continue 
at  -18°C  until  a  formamide  concentration  of  either  33  or  88  percent  is 
attained.  Lowering  the  temperature  produces  further  crystallization 
and  change  in  formamide  concentration  in  the  remaining  solution  until 
the  eutectic  temperature,  -48°C  (-54°F)  is  reached.  At  the  eutectic, 
no  further  change  in  concentration  occurs,  and  the  slush  freezes  to  a 
solid  [70].  It  is  good  practice  to  use  an  88  percent  aqueous  formamide 
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solution  although  there  is  some  loss  of  effectiveness  of  the  formamide 
when  used  in  this  manner.  It  has  also  been  found  that  the  effective- 
ness of  formamide  is  preserved  by  adding  water-soluble  freezing  point 
depressants  other  than  water. 

Formamide  is  non-corrosive  as  compared  to  sodium  or  calcium 
chloride,  but  is  about  ten  to  fifteen  times  as  expensive.  When  applied 
to  a  pavement,  it  is  relatively  non-slippery;  i.e.,  a  slipperiness 
equal  to  that  of  a  wet  pavement  [70],  It  is  non-toxic  unless 
biodegraded  into  toxic  products  which  may  be  dangerous  to  aquatic  life 
[7]  and  [72]. 

Formamide  or  a  mixture  of  formamide  and  water  are  liquid  deicers 
which  can  serve  effectively  in  automatic  ice  prevention  systems 
triggered  by  temperature  sensors. 

Urea  is  a  chemical  deicing  alternative  which  is  being  used  to  a 
large  extent.  Urea  in  pellet  or  liquid  form  is  being  used  satis- 
factorily for  deicing  by  approximately  25  airports  located  in  the  snow 
and  ice  area  [72].  The  Severn  Suspension  Bridge  and  the  associated 
Aust  Viaduct  and  roadway  joining  England  with  Wales  has  been  anti-iced 
with  urea  pellets  since  its  opening  ten  years  ago  [74].  It  has  been 
reported  [71]  that  prilled  (pelletized)  urea  was  found  to  perform 
better  than  liquid  chemicals  at  temperatures  from  -9  to  0°C  (15  to 
32°F).  However,  below  -9°C  (15°F)  the  liquid  chemicals,  formamide 
or  glycol  formulations  were  found  to  be  more  effective.  It  has  been 
used  in  recent  years  on  grids  of  bridges  in  the  District  of  Columbia 
because  it  is  non-corrosive  and  non-conductive  and  provides  satis- 
factory deicing. 

Urea  is  less  effective  than  salt.  About  1-1/2  to  2  times  as  much 
material  is  required  and  it  is  five  to  ten  times  more  costly  than 
salt  [75],  [76],  and  [77].  The  eutectic  temperature  of  a  water 
solution  of  urea  is  -11.7°C  (11.0°F).   A  32.8  percent  concentration 
of  urea  is  required  at  the  eutectic  [76].  Two  grams  of  urea  in  100 
grams  of  water  depresses  the  freezing  point  by  0.61°C  (1.1°F),  similar 
to  the  behavior  of  ethylene  glycol,  whereas  sodium  chloride  at  a 
similar  concentration  depresses  the  freezing  point  by  1.19°C  (2.14°F) 
[77]. 

Urea  and  substituted  urea  compounds  are  not  acutely  toxic  at 
concentrations  of  one  milligram  per  liter  or  less  ( 77_) .  One  report 
[71]  presented  findings  of  the  Environmental  Health  Laboratory, 
Kelly  AFB,  Texas,  that  urea  was  toxic  to  aquatic  life  when  more 
concentrated  than  10,000  mg/1 .  The  corresponding  toxicity  thresholds 
are  5000  mg/1  for  glycols  and  500  mg/1  for  formamide  base  deicers 
[79]  and  [72J.  The  Kelly  AFB  Environmental  Health  Laboratory 
advances  various  recommendations  concerning  the  handling  of  runoff 
waters  containing  urea  or  glycol  deicers  to  offset  biodegradation 
problems. 

It  is  felt  that  urea  is  an  acceptable  chemical  deicing  candidate 
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for  temperatures  above  -9°C  (15°F).  However,  either  the  runoff  should 
be  controlled  or  it  should  be  used  in  areas  where  the  danger  of  melt 
solutions  of  urea  running  into  critical  waterways  is  at  a  minimum. 

In  studies  of  fifteen  alternative  deicing  chemicals  to  chloride 
deicers  [85],  [80],  and  [81],  California  Department  of  Transportation 
researchers  decided  that  only  two,  sodium  formate  and  tetrapotassium 
pyrophosphate  (TKPP),  were  reasonably  effective  alternative  deicing 
chemicals  without  any  greater  toxic  or  harmful  ecological  effects 
than  sodium  chloride.  As  sodium  formate  caused  Portland  cement 
concrete  (PCC)  to  deteriorate  and  TKPP  did  not,  the  latter  was  chosen 
for  field  trials  and  recommended  for  use  on  decks  of  bridges  located 
in  areas  where  the  temperature  rarely  drops  below  -4°C  (25°F).  The 
researchers  reported  that  frictional  properties  comparable  to  those 
obtained  for  water-treated  pavement  surfaces  were  obtained  when  a 
30  percent  solution  of  TKPP  was  applied  at  a  rate  of  50  grams  per 
square  meter  (0.01  pounds  per  square  foot)  to  the  surface  of  a  PCC  or 
an  asphalt  mix  overlaid  bridge  deck.  TKPP  is  reported  as  not  being 
able  to  penetrate  through  the  concrete  to  affect  any  reinforcing 
steel,  although  it  has  a  corrosive  effect  on  vehicluar  steel.  It  is 
mixed  with  two  percent  lime  to  reduce  its  corrosive  effect  on  exposed 
steel.  A  residual  effect  of  several  days  has  been  experienced  in 
field  trials  of  TKPP.  The  only  drawbacks  for  the  material,  other  than 
its  corrosiveness  to  exposed  steel,  are  its  price,  approximately 
fifteen  times  that  of  salt,  and  the  relatively  high  temperature, 
-4°C  (25°F),  below  which  it  is  ineffective. 

TKPP  is  an  alternative  deicing  chemical  that  merits  consideration 
for  use  in  the  prevention  of  frost  in  critical  highway  locations 
situated  in  areas  which  experience  mild  winter  weather. 

A  mixture  of  75  percent  formamide,  twenty  percent  urea  and  five 
percent  water  [70],  is  considered  a  promising  alternative  to  chloride 
deicing  at  low  temperatures  because  it  out-performs  salt  at  ^ery   low- 
temperatures,  is  considerably  less  corrosive,  and  it  non-toxic  if  not 
biodegradable.  It  is  cheaper  than  formamide  but  costs  approximately 
ten  times  as  much  as  sodium  chloride.  Hearst  [70]  considers  this 
mixture  to  be  the  best  material  found  for  melting  ice  on  airport 
runways  at  temperatures  from  the  freezing  point  of  water  to  below 
-18°C  (0°F).  It  is  effective  at  still  lower  temperatures  if  a  certain 
amount  of  slush  formation  can  be  tolerated  and  if  it  is  applied  at 
temperatures  no  lower  than  -18°C  (0°F).  This  liquid  deicing  mixture 
can  be  used  effectively  in  automatic  ice  prevention  systems  triggered 
by  temperature  sensing  devices. 

A  pelletized  mixture  of  75  percent  tripotassium  phosphate  and  25 
percent  formamide  has  been  recommended  for  deicing  use  [82].  This 
mixture  is  recommended  as  an  alternative  to  sodium  chloride  because  it 
can  be  applied  with  existing  equipment  used  for  salting  and  sanding. 
It  has  been  reported  [88]  to  melt  ice  at  -23.3°C  (-10°F)  and  is 
effective  at  lower  temperatures,  but  at  a  reduced  rate.  Although  its 
corrosive  effects  are  considered  acceptable,  some  minor  scaling  of 
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concrete  may  result.  It  is  non-toxic,  but  may  promote  vegetation 
growth.  The  cost  of  manufacture  is  claimed  to  be  moderate  (estimated 
at  ten  to  fifteen  times  greater  than  that  of  sodium  chloride)  and 
the  recommended  rate  of  application  is  .5  to  1  kilogram  per  square 
meter  (1/8  to  1/4  pounds  per  square  foot)  of  ice  surface.  Harris 
et.  al .  [82]  believes  that  this  mixture  can  serve  effectively  as 
a  deicing  material  at  low  temperatures. 

The  following  alternative  deicing  chemicals  are  not  recommended 
for  consideration  because  of  the  undesirable  characteristics  noted: 
Ammonium  acetate:  This  material  is  slightly  corrosive  to  metals  like 
copper  and  aluminum.  Its  hygroscopic  characteristics  make  application 
of  the  material  difficult  [70], 

Ammonium  nitrate:  This  material  is  extremely  aggresive  to  steel  and 
damaging  to  concrete  [75]  and  [76], 

Ammonium  sulfate:  This  material  reacts  with  lime  in  concrete  to  cause 
deterioration  and  cracking  of  concrete.   It  damages  even  high  quality 
air  entrained  concrete  [75]  and  [76].  Although  its  eutectic  temperature 
is  at  about  -18.9°C  (-2° FT. 

Alcohols:  These  materials  pose  a  fire  hazard  and  have  a  limited 
reaction  time  because  of  relatively  quick  evaporation  [75]  and  [76] . 

Glycols:  The  glycols  are  water-white,  almost  odorless,  high  boiling, 
hygroscopic  liquids.  Ethylene  glycol,  the  lowest  molecular  weight 
member  of  the  family,  is  best  known  as  the  base  of  "All  Winter"  or 
"High  Boiling"  automotive  antifreeze.  The  desirable  properties  of 
ethylene  glycol-water  solutions  have  resulted  in  their  wide-spread 
industrial  use  as  heat  transfer  fluids  at  both  elevated  and  sub- 
freezing  temperatures.  Propylene  glycol  is  relatively  nontoxic 
and  allowed  for  internal  consumption  in  small  amounts,  therefore, 
finding  use  in  the  food  processing  industries.  Their  hygro- 
scopicity  and  the  low  freezing  points  of  their  water  mixtures  makes 
ethylene  and  propylene  glycol  ideally  suited  for  use  in  low  tempera- 
ture air  handling  systems.  The  glycols  serve  in  a  host  of  applications 
in  the  petroleum,  natural  gas,  chemical,  food  processing,  brewing 
and  refrigeration  industries.  Their  use  in  snow  melting  systems, 
hot  water  heating,  chilled  water  cooling  and  air  tempering  coil 
applications  are  well  known  [83].  It  should  be  noted  that  while 
ethylene  glycol  itself  freezes  at  -12.8°C  (+9°F),  a  65  percent 
glycol  water  solution  remains  fluid  at  53.9°C  (-65°F).  In  solutions 
containing  up  to  58  percent  glycol,  small  individual  ice  crystals 
separate  on  cooling;  thus  forming  a  non-rigid  slush. 

These  chemicals  create  a  slippery  pavement  surface  and  leave  a 
residue  which  is  hard  to  removed  [83],  They  tend  to  wash  off  and 
their  run-off  causes  problems  [99].  They  are  very   expensive  and  their 
availability  is  subject  to  curtailment  by  fossil  fuel  conservation. 
New  York  reported  [99]  that  they  have  done  considerable  research  into 
the  glycol  type  or  product  and  find  they  are  quite  effective,  though 
expensive.  On  the  basis  of  experimentation  with  a  formamide-based 
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material  and  propylene  glycol  over  a  three  year  period,  Minsk 
concludes:  (1)  Liquid  deicers  lend  themselves  to  automated  applica- 
tion, (2)  They  have  a  residual  action,  (3)  They  are  effective  at  low 
temperature,  (4)  They  are  relatively  nonpolluting,  (5)  They  are 
expensive,  costing  from  $110  to  $330  per  metric  ton  ($100  to  $300  per 
ton)  which  figures  out  to  be  $1.61  per  square  hundred  meters  or 
$1.50  per  1,000  square  feet  per  application,  and  (6)  Automated 
distribution  systems  are  initially  expensive. 

Sodium  formate:  This  material  unduly  damages  concrete  [85], 

Ammonium  carbonate:  This  material  reacts  with  copper  and  copper 
alloys  [70]. 

Although  several  effective  alternative  chemicals  to  chlorides  are 
available  for  highway  deicing,  they  are  costly.  The  least  expensive 
alternative  chemical,  urea,  costs  from  six  to  ten  times  more  than 
sodium  chloride.  When  the  cost  of  the  others,  which  may  run  from 
ten  to  40  times  that  of  sodium  chloride  are  considered,  the  reluctance 
of  maintenance  groups  representing  State  highway  agencies  to  try 
alternative  chemicals  is  understandable,  considering  that  they  operate 
on  restricted  budgets.  This  suggests  that  the  problem  may  not  be  one 
of  obtaining  alternatives  but  one  of  obtaining  noncost  prohibitive 
alternatives. 

A  source  for  less  expensive  alternative  chemical  deicers  may  be 
municipal  waste  (garbage)  which  has  critical  disposal  problems  at  the 
present.  The  following  speculative  approach  for  obtaining  cheaper 
but  effective  chemical  deicers  from  waste  is  suggested  both  in  the 
interest  of  promoting  the  utilization  of  waste  material  and  of 
developing  alternative  chemical  deicers  or  other  nonchemical  deicing 
alternatives. 

A  speculative  approach  has  been  suggested  for  hydrolysates  of 
proteinaceous  waste  for  feasibility  consideration.  If  feasible,  it 
could  result  in  the  utilization  of  part  (ten  to  twenty  percent)  of 
the  municipal  wastes  and  could  supply  a  relatively  economical  deicing 
mixture  usable  as  an  alternative  to  chloride  deicing  [70].  It  is 
suggested  that  the  proteinaceous  part  of  the  heavy  fraction  of 
municipal  waste  (garbage)  be  hydrolyzed  and  the  water  soluble 
hydrolysate  be  concentrated  or  dried  by  evaporation.  The  method 
could  be  feasible  if  the  residue  thus  obtained  consists  for  the  most 
part  of  the  amino  acids  and  simple  peptides.  If  sufficient  quantities 
of  such  low-molecular  weight,  water-soluble,  pH  -  neutral  compounds 
are  present,  this  residue  or  concentrated  solution  could  then  be  used 
for  deicing. 

A  survey  report  [77]  recommended  a  search  for  hydrophobic 
substances  which  can  be  used  to  reduce  the  adhesion  of  ice  on  pave- 
ments, as  this  approach  was  potentially  the  most  valuable  of  the 
alternatives  to  chloride  deicing. 
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Among  some  of  the  materials  suggested  in  the  literature  [86], 
[87]  and  [88]  as  potential  hydrophobic  deicing  coatings  on  films 
are: 

•  Fatty-quaternary  -  ammonium  compounds  like  a)  dimethyl - 
tallow-ammonium  chloride  ("Aliquet  H-266"  made  by  General  Mills,  Inc.); 
b)  dimethyl-tallow-ammonium  chloride  and  alkyl-imidizol ine  derivative 
("Arosurf  FA-100"  and  "Cationic  Softner  -  X"  made  by  Onyx  Chemical 
Co.);  c)  fatty  amide  derivative  ("Ceramine  HC"  made  by  Sandoz  Colors 
and  Chemicals)  and  d)  quaternary  methylol  amide  ("Hipochem  Aquapruf" 
made  by  High  Point  Chemical  Corporation)  [29]. 

•  Organo-fluorochemical  compounds  like  a)"Scotchgard" ,  a  soil 
repel lant  made  by  3M;  b)  pyridinium  fatty  water  repel lant  containing  a 
flourocarbon  ("Wuarpel"  developed  by  U.S.  Army  Quartermaster  CORPS  for 
textiles  [86]  and  [87]. 

•  Organo-sil icone  compounds  like  a)  siloxane  resins;  b)  silicones 
made  by  Dow  Corning  and  G.  E.  Silicone  Products  Department  [86]  and 
[87]. 

•  Polymers  like  polyethylene  with  surface  films  of  stearamide, 
oleamide,  palmeatamide  and  myrestamide  [86]  and  [87], 

•  Plastics  like  polyethylene,  Kel-f,  Teflon,  silicones  [86]  and 
[87]. 

•  Coatings  of  0.1  to  ten  percent  aminoborane,  alkali  metal 
borohydride,  or  alkali  metals  with  borohydrides  [88], 

Such  materials  have  been  developed  and  used  to  repel  water  on 
surfaces  of  materials  other  than  highway  pavements.  However,  they  are 
presented  as  examples  of  materials  thay  may  be  feasible  for  highway 
pavement  deicing.  According  to  a  report  [86] ,  Dr.  Anthony  E.  Lintner, 
a  chemical  engineer  and  specialist  in  surfactants,  believes  that  it 
should  be  possible  to  develop  a  substance  that  would  reduce  the 
adherence  of  ice  on  pavements. 

At  the  present  time,  a  study  of  the  toxicity  and  performance  of 
a  number  of  there  aforementioned  materials  together  with  other  materials 
including  paints  is  being  carried  out  by  the  Environmental  Protection 
Agency  in  its  research  laboratory  in  Edison,  New  Jersey  and  through 
other  contract  research.  A  forthcoming  report  should  furnish  informa- 
tion as  to  the  feasibility  of  using  the  various  water-repellent  films 
for  control  of  highway  icing.  Also,  a  research  study  sponsored  by 
the  Environmental  Protection  Agency,  being  conducted  by  Ball  Engineers 
in  Boulder,  Colorado  is  in  the  process  of  conducting  field 
experimentation  with  promising  hydrophobic  materials.  A  report  due  in 
the  near  future  should  outline  the  feasibility  and  guidelines  for 
hydrophobic  materials  that  survive  field  evaluation.  Before  these 
materials  become  implementable  on  a  wide  scale,  work  is  required  to 
identify  application  rates,  frequency  of  appl icationand  economical 
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means  of  producing  the  materials. 

Potassium  chloride  is  a  poor  substitute  for  sodium  chloride 
because  it  has  a  higher  eutectic  temperature  and  is  approximately 
triple  the  cost  [101]. 

UCAR-II  [89]  is  used  for  deicing  aircraft  and  has  an  initial 
freezing  point  of  -37°C  (-35°F)  at  50  percent  dilution.  It  is 
excellent  as  noncorrosive  material  for  aluminum;  mild  steel  and 
magnesium.  However,  this  has  been  too  expensive  to  be  considered 
as  an  alternative  to  the  more  commonly  used  deicers  on  highways. 

Abrasives 

Abrasives  are  applied  on  snow  or  ice  covered  pavements  to  obtain 
a  higher  coefficient  of  friction  for  the  automobile  tires.  Since 
abrasives  are  usually  easily  noticed  after  having  been  applied,  they 
also  serve  to  enhance  public  relations  in  that  efforts  are  being  under- 
taken to  combat  the  snow  and  ice  problems. 


FIGURE     65      SOUTH    DAKOTA    SANDER    SPREADING     SAND    -    SALT    MIXED    MATERIAL     ON 
AN    ICY    INTERSTATE    RAMP  (Courtesy  Soujh  Dakota    Department  Of  Transportation) 
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The  source  for  abrasives  is  very   divergent;  sand  from  sand  bars, 
quarries,  left  over  from  construction  or  crushed  aggregates;  slag; 
boiler  house  cinders,  coke  cinders  and  stone. 

The  performance  [46]  and  [<4]  of  four  types  of  antiskid  materials 
(boiler-house  cinders,  coke  cinders,  sand,  and  stone)  was  evaluated 
on  a  laboratory  circular  track,  and  little  difference  was  found  in 
their  effect  on  the  coefficient  of  friction  [90].  It  was  found  that 
material  passing  the  .300  mm  (No.  50)  sieve  made  no  contribution 
to  increasing  the  coefficient  of  friction.  However,  these  materials 
exhibited  considerable  differences  in  retention  of  premix  calcium 
chloride. 

In  1968,  the  National  Safety  Council  evaluated  the  relative 
effectiveness  of  salt  and  various  abrasive  materials  in  increasing  the 
skid  resistance  of  a  glare  ice  surface  shortly  after  the  materials  were 
applied. 

Evaluation  of  the  frictional  effectiveness  of  salt,  sand  and 
cinder  spreads  was  made  on  a  special  ice  course  adjacent  to  the  airport 
but  remote  to  the  major  test  courses.  This  was  believed  to  be 
essential  in  order  that  there  be  no  contamination  of  the  major  test 
course.  All  tests  were  performed  by  the  General  Motors  skid  trailer, 
using  the  conventional  highway  tread  tires  with  which  it  was  equipped. 

Since  destruction  of,  or  at  least  major  damage  to,  the  test 
course  was  inherent  in  these  tests,  a  large  number  of  replications 
could  not  be  made.  Two  sets  of  tests  were  conducted  before  the 
course  was  destroyed.  One  was  run  during  a  period  when  the  ambient 
air  tempeature  ranged  from  -8.9°C  to  -33°C  (16°F  to  26°F),  averaging 
approximately  6.7°C  (20°F),  and  the  ice  surface  tempeature  ranged 
from  -10°C  to  -0.6°C  (14°F  to  31°F),  averaging  approximately  06.1°C 
(21 °F)  [91],  In  the  second  series  of  tests  the  ambient  tempeature 
remained  very   close  to  0°C  (32°F)  as  did  the  ice  surface  temperature. 
The  results  of  these  two  series  of  tests  are  shown  in  Table  17.  As 
shown  in  this  Table,  the  sand  and  cinders  were  applied  only  at  the 
rate  of  .71  cubic  meters  per  two  lane  kilometer  (1-1/2  cubic  yards 
per  two-lane  mile)  and  were  only  tested  immediately  after  application. 
The  two  gradations  of  rock  salt,  one  a  conventional  coarse  crushed 
gradation  and  the  other  a  mixture  containing  75  percent  coarse 
crushed  and  25  percent  fine  crushed,  were  applied  both  at  the  rate 
of  200  kilograms  per  two-lane  kilometer  (700  lbs  per  2-lane  mi.) 
and  at  the  .71  cubic  meters  per  two-lane  kilometer  (1-1/2  cu.  yds. 
per  2-lane  mi.);  and  were  tested  immediately  after  application  and 
subsequently  after  the  passage  of  15,  30  and  60  minutes. 

Whenever  either  the  coarse  crushed  or  the  mixture  of  coarse  and 
fine  crushed  rock  salt  was  applied  at  the  same  rate  as  the  sand  and 
cinders  the  resulting  coefficient  immediately  after  application  was 
in  the  order  of  or  greater  than  the  coefficient  of  the  sand  spread. 
When  coarse  crushed  rock  salt  was  used  at  this  rate  of  application, 
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the  coefficient  immediately  after  application  was  near  or  equal  to 
that  of  cinders.  When  the  salt  spreads  were  made  at  the  rate  of 
200  kilograms  per  two-lane  kilometer  (700  lbs.  per  2-1 ane  mi.)  and 
an  air  tempeature  of  0°C  (32°F),  the  coefficient  immediately  after 
application  was  somewhat  greater  than  that  of  sand  spread  at  the 
conventional  rate  but  somewhat  below  that  of  cinders. 

When  similar  spreads  were  made  at  an  air  temperature  of  6.7°C 
(20°F)  and  an  ice  temperature  of  -6.1°C  (21 °F),  neither  application 
of  salt  at  the  200  kilogram  rate  resulted  in  a  coefficient  equal 
to  that  of  sand  at  a  .71  cubic  meter  rate. 

The  general  tendency  for  both  application  rates  at  either 
temperature  at  which  these  tests  were  performed  was  for  the  coef- 
ficient of  friction  of  the  salt  spread  to  be  reduced  the  first 
fifteen  minutes  after  the  spread  was  laid  and  then  to  increase  some- 
what as  time  increased  to  sixty  minutes.  In  most  cases,  however 
the  coefficient  of  the  salt  spread  after  sixty  minutes  has  lapsed 
was  somewhat  lower  than  that  immediately  after  application. 

In  general  the  mixture  of  coarse  and  fine  crushed  rock  salt 
appears  to  result  in  approximately  the  same  coefficient  of  friction 
at  the  same  application  rate  as  does  the  coarse  crushed  rock  salt 
alone,  with  perhaps  some  advantage  to  the  mixture  at  lower  ice 
temperatures.  However  there  is  some  evidence  that  the  loss  in 
coefficient  of  the  spread  containing  the  mixture  is  less  as  time 
progresses  than  that  of  the  spread  containing  coarse  crushed  rock 
salt  alone. 

Care  must  be  exercised  when  choosing  aggregate  sizes  as  a 
deicing  abrasive.  If  the  material  size  is  too  large  there  is 
potential  for  damaging  windshields  and  if  the  partical  sizes  are 
too  small,  wind  may  whip  the  abrasives  off  the  roadway  in  addition 
to  enhancing  their  freeze  potential  while  in  storage.  A  large 
percentage  of  the  abrasive  passing  a  4.75  mm  (No.  4)  sieve  will 
act  to  enhance  slipperiness  rather  than  serve  its  purpose  as  an 
abrasive.  The  selection  of  abrasives  should  be  based  on  avail- 
ability, frictional  coefficient  gradation  and  cost. 

New  York  Department  of  Transportation  specifies  for  abrasvies 
that;  the  maximum  size  of  particle  should  pass  a  9.50  mm  (3/8  inch) 
sieve,  and  there  should  be  preferably  less  than  five  percent 
passing  the  #  200  (75  micrometer)  sieve,  particularly  in  the  case  of 
artificial  sand  [92].  Particles  larger  than  9.50  mm  (3/8  inch) 
could  damage  passing  vehicles.  Particles  finer  than  .300  mm 
(No.  50)  are  of  little  use  in  increasing  the  coefficient  of 
friction,  and  will  retain  moisture  and  freeze.  The  fines  in 
artificial  sand  are  particularly  undesirable  due  to  their  muddy  or 
lubricating  effect. 

Illinois  Department  of  Transportation  has  specified  [93]  that 
sand  for  ice  control  should  be  clean,  hard,  sharp,  free  from  loam 
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clay  or  frozen  lumps,  with  100  percent  passing  a  9.50  mm  (3/8  inch) 
sieve,  not  less  than  45  percent  passing  a  1.18  mm  (No.  16)  sieve 
and  not  more  than  30  percent  passing  a  .300  mm  (No.  50)  sieve.  If 
this  gradation  is  not  avaiable,  any  available  gradation  may  be  used 
in  an  emergency. 

Cinders  are  sharper  than  sand,  cling  to  tires,  and  cut  into  ice 
or  packed  snow  better.  They  should  be  used  in  preference  to  any 
other  abrasive.  The  melting  or  embedding  action  of  cinders  with 
their  greater  porosity  is  better  than  sand  because  of  the  larger 
quantity  of  moisture  and  chloride  held  at  or  near  the  surface  of  the 
cinder  particles.  Due  to  their  dark  color,  cinders  absorb  more  heat 
than  other  materials  when  the  sun  is  shining.  Also,  cinders  have  less 
tendency  to  clog  drainage  structures. 

Stone  screening  with  fines  removed  by  washing  produce  a  good 
abrasive,  the  gradation  of  these  should  be  the  same  as  for  sand. 
Illinois  also  specifies  the  treatment  of  abrasives  for  storage  as: 

*  When  abrasives  are  placed  in  storage,  they  should  be  treated 
with  either  dry  calcium  or  sodium  chloride  (rock  salt)  or  a 
mixture  of  the  two;  the  quantity  depends  upon  the  moisture 
content  of  the  abrasives.  This  should  be  uniformly  mixed 
with  the  abrasives  to  properly  protect  the  abrasives  from 
freezing  before  application,  to  aid  in  anchoring  the  material 
in  the  ice  or  packed  snow,  and  to  prevent  wind  or  heavy 
traffic  from  sweeping  it  off  the  surface. 

•  The  chloride  should  be  well  mixed  with  the  abrasive  when 
it  is  placed  in  stockpiles  or  in  bins.  Equipment  avail- 
able determines  the  mixing  methods;  however,  the  desired 
methods  are  with  belt  conveyors  or  concrete  mixers  and  end 
loaders. 

Idaho  [94]  found  the  use  of  some  basalt  deposits  for  antiskid, 
intolerable  due  to  the  tire  puncturing  slivers  produced  from  the 
crushing  operation.  Also,  the  soil  fraction  and  the  natural  fines 
resulting  from  crushing  (passing  the  .300  mm  (No.  50)  mesh  sieve)  is 
of  little  value  to  antiskid  properties.  The  fraction  below  the  .300 
mm  (No.  50)  mesh  sieve  capable  of  retaining  water  is  causing  undue 
expense  in  removing  from  stockpile  and  also  in  feeding  the  material 
through  spreaders  due  to  freezing.  The  large  rock  particles  are 
causing  considerable  glass  breakage,  to  a  great  extent  attributable 
to  the  high  impact  force  of  these  particles  when  projected  into  a 
windshield  by  a  rotating  tire  and  the  differential  speeds  of  the 
vehicles.  As  a  result  of  these  problems,  Idaho  adopted  a  gradation 
requirement  shown  in  Table  18  and  requires  that  the  moisture  content 
be  kept  at  three  percent  or  less  so  the  material  will  be  free  flowing 
at  freezing  temperatures. 

The  State  of  Washington  specifies  abrasives  as  [_95_]  crushed  or 
screened  materials  for  sanding  purposes  generally,  should  at  least 
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TABLE  18:  ANTISKID  GRADATION  REQUIREMENT  [94] 


SIEVE 

SIZE 

PERCENT 
PASSING 

METRIC 

STANDARD 

12.50  mm 

1/2  inch 

100 

9.50  mm 

3/8  inch 

95-100 

4.75  mm 

No.  4 

20  -  50 

2.36  mm 

No.  8 

0  -  30 

.300  mm 

No.  50 

0  -  10 

. 1 50  mm 

No.  100 

0  -  5 

meet  the  specifications  for  "Maintenance  Rock"  as  specified  in  their 
standard  specifications  or  more  usually  a  .64  cm  (1/4  inch)  minus 
material  specified  by  the  maintenance  engineer.  Care  should  be  made 
in  the  use  of  quarry  rock  which  breaks  in  slivers  when  crushed. 

Depending  upon  local  conditions,  sanding  abrasives  may  have  up 
to  60  kilograms  per  cubic  meter  (100  lbs.  of  calcium  chlorides  per 
cubic  yard)  of  abrasive  added  to  them  when  placed  in  sand  sheds  or 
stockpiles  to  keep  them  from  freezing. 

Alternatives  to  Deicing  Chemicals  and  Abrasives 

In  recent  years,  much  attention  has  been  focused  on  the  necessity 
of  removing  snow  and  ice  from  freeways,  highways,  and  expressways  be- 
cause these  facilities  must  move  vehicular  traffic  in  large  numbers, 
at  high  speeds,  and  with  the  greatest  possible  safety.  Some  points  or 
areas  in  these  roads  do  not  lend  themselves  to  the  conventional  means 
of  clearing  snow  and  ice  by  plowing  and  salting  and,  therefore,  it  is 
desirable  that  other  methods  be  found  [96], 

The  principal  aim  of  any  acceptable  alternative  to  deicing 
chemicals  should  be  the  efficient  disruption  of  the  ice  to  pavement 
bond  without  involving  a  large  drain  of  energy  or  damage  to  pavement 
structures.  In  general,  mechanical  equipment  is  usually  not  efficient 
in  the  removal  of  compacted  snow  or  ice  and  is  at  time  injurious  to 
the  pavement  surface,  curbs,  medians,  lane  delineators,  etc.  Equipment 
included  in  the  mechanical  category  are  scrapers,  chisels,  rollers, 
crushers,  disks,  and  air  blasters  blowing  finely  crushed  abrasive 
materials,  compressed  air  plow  and  brush,  and  blower  systems.  The 
general  effect  of  the  use  of  such  mechanical  equipment  is  to  furnish 
a  more  suitable  surface  for  the  application  of  abrasives  [46]. 

Disruption  of  the  ice-pavement  bond  with  ultrasonic  or  vibrational 
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energy  [97],  [98],  and  [99]  or  electromagnetic  energy  [99]  has  been 
proposed.  Theoretically,  such  approaches  show  promise  but  in  practice 
they  involve  large  energy  losses  and  require  considerable  amounts  of 
energy  [86].  Further  research  of  these  approaches  may  develop  more 
effective  and  practical  application  [46]. 

One  of  the  more  difficult  determinations  in  the  design  of  embedded 
heating  systems  in  pavements  is  the  calculation  of  the  heat  needed  to 
prevent  ice  from  forming  or  snow  from  accumulating.  Designers  must 
provide  sufficient  heat  capacity  for  effective  melting  but  not  over- 
design  the  system  and  unnecessarily  increase  the  cost  of  an  already 
expensive  operation  [100]. 

Published  information  on  procedures  for  calculating  design  heat 
requirements  is  limited  and  can  be  misleading.  Some  of  the  procedures 
are  based  on  snow  melting  field  tests  during  mild  weather  [101]  and  do 
not  necessarily  apply  to  systems  operating  under  severe  winter  weather. 
The  procedure  recommended  in  the  ASHRAE  Guide  and  Data  Book  [103],  the 
only  comprehensive  guideline  believed  to  be  available  in  North  America, 
has  proved  to  be  of  uncertain  value.  A  comparison  of  calculated  design 
heat  loads,  using  ASHRAE  procedures,  with  actual  installed  heat 
capacities  for  five  cities  in  the  northern  United  States  [104]  shows 
that  the  installed  heat  capacities  are  often  quite  different  from 
the  theoretical  values,  (Table  19).  The  information  on  installed 
capacities,  shown  for  Canada,  was  obtained  from  unpublished  reports 
and  published  literature  [105]  and  [106].  Installed  heat  capacities 
are  generally  somewhat  lower  in  Canada  than  those  reported  in  the 
United  States,  a  surprising  development  considering  the  more  severe 
climatic  conditions  under  which  Canadian  systems  usually  operate. 

G.  P.  Williams  in  his  work  [100]  attempted  to  assess  methods  of 
calculating  design  heat  requirements  of  embedded  snow  melting  systems, 
particularly  those  operating  in  cold  climates.  The  study  is  based  on 
an  extensive  review  of  the  literature  and  on  snow  melting  tests 
carried  out  on  heated  pavements,  over  three  winter  periods,  on  the 
grounds  of  the  National  Research  Council,  Ottawa,  Canada.  The  paper 
is  divided  into  three  parts.  The  first  deals  with  the  problem  of 
estimating  surface  heat  losses  from  bare  pavements  during  periods 
between  snowfalls;  the  second,  with  surface  heat  loss  duirng  the 
immediately  following  snowstorms.  Formulae  developed  from  these 
observations  are  compared  with  those  recommended  by  ASHRAE  [103]. 
The  third  section  is  concerned  with  the  problem  of  allowing  for 
heat  loss  into  the  ground  around  and  under  heated  pavements. 

In  concluding,  he  stated: 

•  The  ASHRAE  [103]  formulae  for  calculating  design  heat  require- 
ments for  now  melting  systems  are  reasonably  satisfactory  provided 
adjustments  are  made  to  take  into  account  the  size  of  the  heated  area, 
exposure  to  wind,  and  height  at  which  wind  speeds  are  measured. 
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TABLE  19:  INSTALLED  AND  ASHRAE-CALCULATED  HEAT  REQUIREMENTS  [100] 


NORTHERN  UNITED  STATES 

Spokane 

Minneapol is 
-  St.   Paul 

Detroit 

Purl ington 

Hartford 

CLASS   I 
(residential ) 

Installed 

ASHRAE* 

2 

m 

Ft2 

2 

m 

F..2 

2 

m 

Ft2 

2 

m 

Ft2 

2 

m 

F..2 

321-428 
(385) 

30-40 
(36) 

30-45 
(52) 

449  -803 
(278) 

642-803 
(685) 

42-75 
(26) 

428-642 
(300) 

40-60 
(28) 

535 
(396) 

50 
(37) 

321 
(503) 

30 
(47) 

50 
(104) 

CLASS   II 
(commercial ) 

Instal led 

ASHRAE* 

321-482 
(556) 

60-75 
(64) 

642 
(610) 

60 
(57) 

60 
(105) 

535 
(621) 

(803) 
(1070) 

50 
(50) 

75 

(100) 

535 
(1,113) 

CLASS   III 
(cri  tical  ) 
Instal led 
ASHRAE* 

(835) 

(78) 

749-803 
(1,113) 

70-75 
(104) 

642 
(1.124) 

749 
(1,145) 

70 
(107) 

CANADA 

British 
Columbia 

Prairie 
Provinces 

Southern 
Ontario 

Ottawa 
-  Montreal 

Atlantic 
Provinces 

Range  for 
Installed** 

m2 

Ft.2 

m2 

Ft2 

m2 

Ft2 

m2 

Ft2 

m2 

Ft.2 

161-268 

15-25 

321-589 

30-55 

214-42R 

20-40 

482-589 

45-55 

375-589 

35-55 

*  Calculated;  includes  adjustment  for  ground  heat  loss 

**ASHRAE  calculations  not  available;  no  information  on  class  of  installation 


•  The  limiting  condition  controlling  design  heat  requirements 

of  snow  melting  systems  operating  in  cold  climates  is  the  maintenance 
of  an  ice-free  surface  immediately  following  snowstorms  rather  than 
effective  melting  of  snow  during  a  storm.  These  heat  requirements 
can  be  estimated  by  calculating  the  rate  of  surface  heat  loss  from 
bare,  wet  pavements  using  weather  data  obtained  from  representative 
or  "design"  storms. 

*  The  use  of  insulation  reduces  edge  and  ground  heat  losses  to 
insignificant  amounts,  eliminating  the  need  to  make  allowances  for 
such  losses  in  design  heat  calculations  for  insulated  snow  melting 
systems. 

From  the  APWA  (American  Public  Works  Association)  [107]  the 
following  list  summarizes  the  total  heat  energy  necessary  for  a  snow 
melting  system: 
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•  Raising  the  temperature  of  the  snow  or  ice  to  the  melting 
point  (q  ).  The  temperture  of  falling  snow  or  ice  that 
has  formed  on  the  pavement  is  usually  considered  to  be  the 
same  as  the  ambient  air  temperature. 

•  The  heat  of  fusion  of  ice  (q  ). 

VMm 

•  Evaporation  of  some  of  the  water  formed  in  the  melting 
process  (q  ). 

•  Loss  by  radiation  and  convection  (q  ). 

•  Loss  by  conduction  to  the  ground  (q  ). 

This  total  heat  requirement  may  be  expressed  as: 

q  =  q  +q  +A  (q  +q,)+q  (16) 

A  is  the  "free  area  ratio".  The  ratio  of  the  surface  area  free 
of  snow  to  the  total  surface  area  of  the  system.  Evaporation,  radia- 
tion and  convection  are  a  function  of  the  area  exposed  to  the  atmo- 
sphere and  wind  action.  If  even  a  thin  film  of  snow  is  allowed  to 
accumulate  on  the  slab  there  is  no  direct  heat  loss  to  the  atmosphere 

and  A  is  zero, 
r 

Evaluation  of  the  energy  needs  requires  knowledge  of  the  meteoro- 
logical conditions  when  a  storm  occurs,  and  an  assumption  as  to  the 
desirable  operating  conditions.  Chapman,  in  1952,  derived  equations 
for  calculating  the  energy  requirements  of  a  snow  melting  system.  He 
assumed  that  the  system  was  operating  before  snow  began  to  fall  so  that 
melting  occurs  at  first  contact  and  a  water  film  is  soon  formed  on  the 
surface.  So  long  as  the  surface  can  be  maintained  above  the  freezing 
point  all  subsequent  melting  occurs  in  this  water  film. 

Noted  in  NCHRP  #4,  [108]  the  total  heat  required  to  keep  highway 
pavements  reasonably  free  of  snow  and  ice  is  the  sum  of  the  heat 
required  to  (a)  raise  the  temperature  of  the  snow  to  the  melting 
point  and  melt  the  snow,  (b)  provide  for  evaporation  losses,  (c)  pro- 
vide for  convection  losses  at  the  surface,  and  (d)  provide  for  heat 
losses  downward.  This  can  be  expressed  by: 


QT  =  A  (Q  +  Q  +  Q,  )  +  Q  +  Q.  (17) 


in  which 


QT  =  total  heat  requirement; 

Q  =  heat  required  to  melt  snow, 
m        ^ 

Q  =  heat  lost  through  evaporation; 
Q.  =  heat  lost  through  convection; 
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Q  =  heat  to  raise  the  snow  temperature  to  its  melting  point; 
Q.  =  heat  losses  downward. 

The  term  Ar  is  as  introduced  by  the  American  Public  Works 
Association  [108]. 

"Snow  and  Ice  Removal  from  Pavements  Using  Stored  Earth  Energy" 
a  report  by  the  Federal  Highway  Administration  [109]  noted; 

Of  the  other  energy  sources  studied,  a  snow  removal  and  deicing 
system  utilizing  the  stored  energy  in  the  earth  beneath  and  adjacent 
to  the  roadway  pavement  appears  to  be  technically  feasible  and  further- 
more has  the  least  impact  on  the  Nation's  energy  requirements. 
Simultaneously,  it  was  recognized  that  the  economics  of  such  a  system 
were  critically  dependent  upon  the  volume  of  earth  that  had  to  be 
thermally  coupled  to  each  square  foot  of  the  pavement  surface.  This 
volume  of  earth,  in  turn,  is  dependent  upon  the  efficiency  of  trans- 
porting and  distributing  the  earth's  thermal  energy,  the  average 
temperature  of  the  earth  (related  to  the  average  annual  environmental 
temperature),  the  nature  and  composition  of  the  soil,  the  conductivity 
of  the  pavement,  and  on  the  total  annual  energy  required  to  remove 
snow  and  deice  pavement  surfaces. 

The  use  of  large  volumes  of  earth  as  an  energy  source  is  consis- 
tent with  the  ever  increasing  need  to  conserve  the  world's  energy 
resources.  Since  the  heat  pipe  is  an  essentially  isothermal  heat 
transfer  device,  it  is  possible  to  effectively  utilize  this  low  grade 
energy  source. 

The  yearly  average  temperatures  can  be  utilized  in  estimating  the 
feasibility  of  an  earth  reservoir  system  for  specific  locations.  At 
depths  of  7-1/2  meters  (25  feet)  or  greater,  the  average  soil  tempera- 
ture approximates  the  yearly  average  ambient  temperature.  It  was 
noted  that  the  response  of  the  soil  temperature  lags  behind  the 
ambient  temperature.  This  means  that  the  potential  for  heat  transfer 
will  not  drop  off  sharply  as  the  winter  progresses. 

In  addition  to  temperature,  other  soil  properties  must  be 
considered  in  evaluating  the  potential  usefulness  of  the  earth  at  a 
given  location,  as  an  energy  source.  The  density,  the  percent 
moisture  content,  and  the  consistency  all  effect  the  thermal  con- 
ductivity and  the  heat  capacity  of  the  soil.  The  thermal  conductivity 
of  soil  increases  with  increasing  density  for  a  given  moisture  content 
and  temperature.  The  thermal  conductivity  also  increases  with 
increasing  moisture  content  for  a  given  density  and  temperature. 
Temperature  alone  does  not  have  a  significant  effect  on  the  thermal 
conductivity  of  soil. 

The  thermal  conductivity  varies  with  the  texture  of  soil.  For  a 
given  density  and  moisture  content,  the  conductivity  is  relatively  high 
for  coarse  textured  soils  such  as  sand  or  gravel,  somewhat  lower  for 
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sand  loam  soils,  and  lowest  for  fine  textured  soils  such  as  silt  loam 
or  clay.  For  example,  for  a  dry  density  of  60  kilograms  per  cubic 
meter  (100  pcf)  and  a  moisture  content  of  ten  percent,  the  thermal 
conductivity  of  a  sand  soil  is  eleven  BTU  per  square  foot  -  hour  - 
degree  F  -  inch,  (.23  cal  per  cm^  -  hour  -  degree  C  -  cm)  compared  to 
seven  BTU  per  square  foot  -  hour-degree  F.,  -  inch  (.14  cal  per  cm^  - 
hour  -  degree  C  -  cm)  for  a  silt  and  clay  soil.  On  the  natural 
environment  in  the  field,  this  order  would  not  necessarily  hold  since 
finely  textured  soils  ordinarily  contain  a  higher  moisture  content 
than  sandy  soils. 

In  areas  where  earth  heat  pipes  are  used  for  pavement  deicing, 
the  earth  heat  contained  in  the  volume  of  earth  adjacent  to  the  earth 
heat  pipes  is  continually  being  pumped  to  the  surface  during  the  winter 
months.  Here,  it  is  used  to  melt  snow  and  ice  or  is  otherwise 
dissipated  to  the  environment.  To  assure  an  adequate  supply  of  earth 
heat  for  the  next  winter,  this  energy  must  be  replenished  during  the 
summer  months. 

The  test  facility,  located  at  the  Fairbank  Highway  Research  Station, 
is  designed  to  investigate  the  variables  associated  with  removing  snow 
and  ice  from  pavement  surfaces  by  thermal  methods  [109].  The  site  is 
an  outdoor  open  space,  away  from  buildings,  and  covers  an  area  of 
about  370  square  meters  (4000  sq.  ft).  There  are  three  3.65  by  7.32 
meter  (12  ft  by  24  ft)  concrete  test  slabs: 

1)  Unheated  Control  Slab 

2)  Electrically  Heated  Slab 

3)  Earth  Heat  Pipe  Slab 

All  of  the  test  slabs  are  nine  inches  thick  following  the  trend 
in  modern  highway  construction.  The  control  slab  is  unheated  and  serves 
as  a  test  control  for  the  electrical  and  earth  slabs.  Both  the 
electrical  and  earth  slabs  contain  heat  pipes  charged  with  ammonia. 
In  the  electrical  slab,  each  heat  pipe  terminates  outside  the  slab  in 
a  short  down  leg.  This  is  wrapped  with  an  electrical  heater  which  can 
be  controlled  at  selected  power  levels  from  the  instrumentation 
trailer.  In  the  earth  slab,  each  heat  pipe  extends  beyond  the  slab 
boundaries  and  then  into  the  earth  to  depths  of  either  9  or  12  meters 
(30  or  40  feet).  All  of  the  heat  pipes  run  parallel  to  the  3.66  meter 
(12  ft)  dimension  and  have  a  3.18  centimeter  (1.25  inch)  cover  of 
concrete  over  them. 

Through  application  of  the  mathematical  model  (presented  in 
reference  109  )  to  the  control  slab  and  the  electrical  slab,  it  was 
possible  to  match  predicted  and  actual  temperature  profiles  and  heat 
pipe  temperatures  as  a  function  of  time,  for  specific  assumptions 
for  the  thermal  losses,  the  ground  heat  inputs,  pavement  conductivity, 
pavement  specific  heat,  and  the  concrete-heat  pipe  interface  resis- 
tance. The  use  of  this  model,  with  the  previous  assumptions,  in  the 
analysis  of  the  earth  heat  pipe  slabs  allows  the  determination  of  the 
ground  to  heat  pipe  resistance.  However,  application  of  the  model  to 
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an  earth  heat  pipe  slab  is  made  more  difficult  because  of  condenser 
blockage.  The  extent  of  condenser  blockage  showed  a  marked  increase 
over  the  time  period  between  the  first  winter's  and  the  second  winter's 
testing,  indicating  the  condenser  blockage  is  largely  due  to  generation 
of  noncondensible  gas.  This  does  not  mean,  however,  that  some  of  the 
blockage  is  not  due  to  liquid  traps  created  during  the  installation  of 
the  system. 

To  evaluate  this  system  under  actual  field  conditions,  the 
West  Virginia  Department  of  Highways  installed  an  experimental  earth 
heat  oipe  demonstration  project.  The  installation  was  on  an  off  ramp 
at  the  Oyler  Avenue  Interchange  with  an  ADT  of  483  in  Oak  Hill,  WV. 
The  ramp  is  approximately  1,200  feet  long  and  sixteen  feet  wide.  Pipes 
were  installed  parallel  to  the  longitudinal  direction  of  the  ramp  with 
row  spacing  approximately  eight  inches  apart.  To  obtain  the  calculated 
energy  reauirement  of  10  kilowatt  hours  (34,130  BTU),  122  cubic  feet  of 
earth  are  reouired  to  provide  heat  for  each  square  foot  of  pavement. 

Construction  was  accomplished  without  significant  difficulty  using 
normal  construction  equipment  and  practices.  Holes  were  drilled  with 
an  air  track  drill,  pipes  were  bent  with  a  small  hydraulic  bending  tool. 
All  problems  reported  during  construction  were  overcome. 

The  observed  performance  of  the  system  was  ^jery   good  when  subjected 
to  oerhaos  the  most  severe  winter  this  area  has  ever  experienced.  The 
total  bid  price  for  the  heating  system  was  $415,000  or  $195  per  square 
yard. 

Snow  removal  by  the  embedded  pipe  method  was  first  considered 
when  it  was  noticed  that  snow  failed  to  accumulate  or  was  readily 
melted  at  locations  where  heating  pipes  were  buried  close  to  the  sur- 
face of  a  sidewalk  or  paved  area,  or  where  the  heating  pipes  of  a  central 
heating  plant  were  placed  below  the  ground  surface  along  the  basement 
walls.  In  some  instances  where  the  heating  pines  were  closely  spaced 
beneath  a  sidewalk  leading  from  a  building  to  another  area,  the  result 
was  a  very   effective  snow-removal  system. 

These  accidental  snow-removal  systems  naturally  led  the  maintenance 
engineer,  and  other  personnel  concerned  with  the  problem  of  snow  removal, 
to  see  the  great  potential  offered  by  this  method. 

One  of  the  oldest  known  designed  snow-melting  systems  was  developed 
in  1925  [110]  when  a  public  utility  company  installed  steam  pipes  under 
sidewalks  on  two  sides  of  its  building  and  manually  admitted  steam  under 
low  pressure  into  the  network  of  pipes  where  snow  or  ice  removal  was 
desired.  Other  private  companies  with  a  central  steam-heating  system 
also  experimented  with  snow  removal  from  sidewalks,  driveways,  and  other 
small  areas.  All  of  these  early  installations  were  satisfactory  to  a 
degree,  but  it  soon  became  apparent  that  many  problems  of  design  and 
operation  had  to  be  solved  before  th.is  method  of  snow  removal  would  be 
completely  adequate. 

The  major  problem  in  the  adaptation  of  embedded  pipes  as  an  effec- 
tive means  of  snow  removal  is  the  availability  of  an  adequate  amount  of 
economical  power.  Initial  installations  utilized  steam  or  heat  sources 
that  v/ere  already  available  for  heating  or  other  purposes.  However, 
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TABLE  20:   INSTALLATION  AND  OPERATING  COSTS  FOR  EMBEDDED  PIPES  [108] 


LOCATION 

TYPE  OF  INSTALLATION 

INSTALLATION  COST 

OPERATING  COST 

per 

Square  Meter 

per 
Square  Foot 

per 
Square  Meter 

per 
Square  Foot 

Klamath  Falls,  Oregon 

Natural  Hot  Springs 

9.36 

0.87 

0.301 

0.028 

John  F.  Fitzgerald 
Expressway 

Purchased  Steam  Power 

38.43 

3.57 

1.432 

0.133 

Chicago  Calumet  Skyway 
Bridge 

Complete  Heating  Plant 

40.36 

3.75 

* 

* 

Indiana  Toll  Road 

Complete  Heating  Plant 

45.53 

4.23 

0.237** 

0.022** 

*  information  not  available 
"estimated  during  design 

embedded- pipe  systems  for  highways  usually  req 
lations  to  provide  an  adequate  heat  source  to 
heat-transfer  fluid  and  the  economy  of  these  i 
justified  exclusively  on  the  basis  of  snow-mel 
fits  and  costs  [108].  In  general,  the  operati 
pipe  system  will  be  found  less  than  those  of  a 
embedded  electrical  elements,  while  the  instal 
ally  comparable  [108].  Installation  and  opera 
embedded  pipe  systems  were  determined  by  and  s 
Table  20.  Various  fluids  may  be  used  when  ada 
energy  for  pavement  heating. 


uire  special  instal- 
heat  the  circulating 
nstallations  must  be 
ting  efficiency,  bene- 
ng  costs  of  an  embedded- 
n  equivalent  system  of 
lation  costs  are  gener- 
ting  costs  for  various 
ummarized  as  shown  in 
pting  stored  earth 


The  most  widely  recongized  fluids  for  use  in  snow-mel ti no  systems 
are  steam,  water  with  anti-freeze,  and  organic  heat  transfer  fluids. 
The  use  of  steam  directly  fed  to  the  pines  is  considered  due  to  its 
availability  at  low  cost.  Steam,  however,  has  considerable  corrosion 
potential.  Further,  if  the  system  is  shut  down  for  any  length  of  time, 
any  condensate  in  the  pipes  may  freeze.  The  combination  of  water  with 
anti-freeze  (usually  ethylene  glycol)  relieves  the  user  of  trouble  from 
frozen  pipes.  This  accounts  for  the  wide  usage  of  water-ethylene  glycol 
mixtures  for  snow  melting  systems.   In  many  aonl i cations ,  a  fluid  with 
superior  heat  transfer  properties  is  required.  The  organic  heat  transfer 
fluids  have  been  designed  to  fill  this  need.  The  selection  of  a  fluid 
for  any  particular  apolication  is  dependent  upon  the  demands  of  the 
design.  Each  fluid  should  be  compared  on  the  basis  of  heat  transfer 
characteristics,  corrosive  properties,  replenishment,  friction  through 
oioes,  effect  on  system  life,  ODeration,  and  cost  [111], 

Problems  have  arisen  as  a  result  of  reviewing  existing  installation 
of  embedded-pipe  snow  melting  systems. 

Embedded-pipe  systems  are  not  generally  adaptable  to  existing  high- 
way structures.  An  overlay  of  material  on  an  existing  structure  to 
provide  sufficient  depth  of  bury  for  pipes  poses  structural  problems. 
Usually,  it  is  necessary  to  restrict  the  use  of  this  type  of  system  to 
new  structures,  which  should  be  snecifically  designed  for  the  additional 
deadload  [108], 

The  process  of  embedding  heating  pipes  into  an  existing  facility 
involves  complete  bridge-deck  replacement  and  other  structural  modifi- 
cations, due  to  the  extra  weight  of  the  pipes.  The  pipe  diameters 
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normally  used  for  embedded  systems  are  too  large  for  an  adequate  cover 
to  be  provided  by  a  bituminous  overlay. 

The  problem  of  pipe  placement  is  especially  critical  since  any 
mistakes  or  errors  are  encased  in  concrete  and  not  easily  corrected. 

If  the  system  is  not  operated  continuously,  sufficient  time  must 
be  allowed  for  slab  warm-up  before  any  snow  removal  can  be  accomplished. 
One  method  of  eliminating  this  delay  in  snow  removal,  which  is  often 
oracticed,  is  the  immediate  operation  of  the  system  at  low  or  "idle" 
heat  whenever  the  climatic  conditions  are  favorable  for  snowfall  or 
icing  conditions. 

Even  though  an  embedded  pipe  system  may  be  under-designed  for  a 
severe  snowfall,  or  if  operation  prior  to  the  snowfall  is  delayed, 
prompt  operation  when  the  snow  starts  to  fall  will  usually  provide  a 
sufficient  amount  of  heat  at  the  surface  to  prevent  the  adhesion  of 
snow  or  ice.  Even  with  some  snow  on  the  surface,  traction  is  main- 
tained until  the  system  attains  operating  temperature. 

The  heated  pavement  in  Klamath  Falls  has  remained  completely  free 
of  any  accumulation  of  snow  or  ice  during  its  operation,  and  within  a 
short  time  after  the  precipitation  stops  the  pavement  is  completely 
dry.  The  ramps  leading  to  the  John  F.  Fitzgerald  Expressway  have  also 
remained  accessible  during  periods  of  heavy  snowfall  and  icing  condi- 
tions. In  contrast,  similar  facilities  in  these  areas  without  snow- 
melting  systems  have  proven  hazardous  and  often  impassable. 

Another  alternate  form  of  pavement  deicing  systems  is  the  use  of 
infrared  heaters.  Infrared  generators  have  been  used  successfully  for 
warming  outdoor  areas  and,  in  limited  applications,  for  melting  snow. 
However,  they  are  not  considered  feasible  for  major  highway  installa- 
tions at  their  present  stage  of  development.  Maximum  efficiency  of 
the  units  cannot  be  realized  under  the  conditions  of  highway  service. 
There  are  also  installation  and  operating  problems.  For  these  reasons, 
costs  for  the  usual  type  of  application  would  be  inordinately  high 
for  an  adequate  installation  [108]. 

NCHRP  Report  #4  [108]  and  APWA  Special  Report  #30  [112]  contain 
a  more  complete  discussion  of  infrared  systems,  design  criteria, 
installation  costs  and  potential  problems  with  installations  of  this 
type. 

Electrically  conductive  asphalt  for  control  of  snow  and  ice 
accumulation  experimented  by  L.  D.  Minsk  at  the  U.  S.  Army  Cold  Regions 
Research  and  Engineering  Laboratory  [113]  found  them  a  potential  safety 
hazard.  Accidents  are  likely  to  occur  in  which  metal  conductors  fall 
across  the  conductive  asphalt,  or  perhaps  penetrate  the  surface.  This 
aspect  of  safety  was  the  basis  for  the  design  criterion  of  a  six  volt 
per  foot  potential  gradient.  Rudimentary  tests  to  investigate  the 
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potential  hazard  where  made  on  the  1  1/2  #2  panel  on  a  dry,  warm  day. 
A  steel  channel  across  the  panel  (energized  at  80  volts  across  the 
outer  conductors)  caused  little  change  in  the  current  flow.  However, 
loading  the  panel  with  about  150  kilograms  (325  lbs)  caused  a  signifi- 
cant jumD  in  current  of  30  percent.  Water  alone  across  the  panel 
resulted  in  an  imperceptible  change  in  current. 

The  current  increased  less  than  ten  percent  when  the  unloaded  steel 
channel  was  placed  on  the  wet  panel.  A  final  test  was  performed  by 
grooving  the  asphalt  about  1/2  inch  deep  for  a  length  of  three  inches 
and  placing  the  steel  channel  across  the  dry  panel  and  in  the  groove. 
When  the  channel  was  loaded  by  two  people  stepping  on  the  ends,  the 
current  increase  was  greater  than  40  percent.  The  safety  hazard  is 
thus  great  enough  to  require  a  protective  surface  coating;  no  studies 
of  such  a  coating  have  been  undertaken. 

NCHRP  Report  #4  [108]  summarizes  the  results  of  installations 
of  embedded  electric  cables  of  various  types  in  Michigan,  Oregon, 
and  Great  Britain.  Also,  insulated  heating  cable  sites  are  examined 
for  Salem,  Oregon;  Aberdeen,  South  Dakota;  Witchita  Falls,  Texas; 
Amarillo,  Texas;  Newark,  New  Jersey;  Peterboro,  New  Jersey;  Lubbock, 
Texas;  Toll  Facilities;  Great  Britain  and  Switzerland.  A  detailed 
study  looking  at  closts  and  characteristics  of  an  electric  heating 
system  are  reported  in  [96]. 

Economics,  or  costs,  are  a  major  factor  in  the  selection  and 
operation  of  a  successful  electrical  snow-melting  system.  Although 
Great  Britain  is  not  subject  to  extreme  winter  conditions,  over  the 
past  few  years  several  miles  of  heated  roadways  and  bridge  decks  have 
been  constructed  and  operated  with  satisfactory  results.  This  can  be 
done  only  if  costs  of  installation  and  operation  are  reasonable. 

The  costs  of  installation  and  operation  depend  on  many  variables 
which  complicate  the  problem  of  estimating  average  costs  without 
knowledge  of  the  specifics  for  each  location.  The  major  controlling 
factors  are  (1)  design  criteria-removal  rate  and  type  of  electrical 
elements;  (2)  power  location  -  additional  power  supply  required  at 
site;  (3)  method  of  operation  -  continuous,  manual,  and  automatic; 
(4)  power  rates  -  demand  charge  and  consumption  charge.  Only  through 
a  favorable  combination  of  these  factors  can  an  economical  snow-melting 
system  be  constructed  and  operated. 

If  it  is  desired  to  maintain  the  surface  dry  and  free  from  snow 
and  ice  under  all  conditions,  weather  data  for  the  specific  location 
must  be  investigated,  with  the  extreme  conditions  controlling  the 
design  heat-output  per  square  metre  (foot).  However,  if  some  accumu- 
lation of  snow  and  slush  can  be  tolerated,  as  long  as  the  surface  bond 
is  broken,  a  smaller  heat  output  can  be  specified. 
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Many  installations  have  been  designed  to  melt  all  the  snow  as  it 
falls;  therefore,  the  cost  of  installation  and  operation  have  been 
extremely  high.  In  some  instances,  costs  have  been  reduced  by  heating 
only  the  wheel  tracks,  but  this  results  in  possible  hazardous  conditions 
when  icy  edges  form  along  the  clear  wheel  tracks. 

The  one  factor  which  accounts  for  a  large  part  of  the  installation 
cost  is  the  provision  of  electrical  power  at  the  site,  if  it  is  not 
already  available.  Unless  excess  or  unused  seasonable  power  is  present 
at  the  location  for  the  snow-melting  system,  installation  costs  usually 
are  doubled  over  the  normal  cost  for  electrical  cable,  control  equip- 
ment, and  labor. 

In  addition  to  the  costs  of  making  the  power  available,  high 
operating  costs  are  another  drawback  to  the  widespread  use  of  electri- 
cal power  for  snow-melting  purposes.  Operating  costs  vary  with  the 
individual  utility  companies,  but  usually  include  a  demand  charge  plus 
an  energy  charge. 

Table  21  gives  the  wide  range  of  installation  and  operating  costs 
for  highway  installations  involving  electrical  deicing  or  snow-melting 
systems.  These  costs  are  taken  from  ordinary  records,  and  may  not 
represent  the  same  items  of  expenditure  in  eyery   case.  Many  agencies 
have  not  kept  complete  data  on  the  cost  of  electrical  equipment  and 
supplying  power  where  the  heated  area  was  small  or  the  test  was 
considered  experimental. 

The  use  of  reinforcement  mesh  apparently  results  in  lower 
initial  installation  costs  than  the  use  of  resistance  cable  (Table 
21).  This  is  to  be  expected.  On  the  other  hand,  operating  costs 
for  the  mesh  may  be  expected  to  be  higher  because  of  the  special 
transformer  equipment  needed  and  higher  resulting  demand  charges. 

In  Salem,  Oregon,  the  opposite  was  true;  all  of  the  transformers 
were  owned  by  the  operating  agency.  In  this  case,  the  operating 
costs  should  probably  be  comparable  for  equivalent  power  outputs. 
The  higher  operating  cost  of  the  wire  mesh  in  Salem  may  be  the  result 
of  using  more  power  to  compensate  for  broken  grids,  or  possibly  the 
inclusion  of  annual  maintenance  and  repair  costs. 

The  high  installation  costs  experienced  by  the  Illinois  State 
Toll  Highway  Commission  and  the  South  Dakota  Department  of  Highways 
apparently  include  all  associated  costs  for  complete  installation. 
Again,  these  costs  are  heavily  dependent  on  the  availability  of  power 
and  the  cost  of  supplying  it  at  the  site. 

The  Wichita  Falls  installation,  which  was  designed  to  maintain  the 
bridge  roadway  clear  of  ice  as  long  as  the  approach  roadway  does  not 
freeze  over,  was  constructed  with  heat  outputs  of  11,  22,  43  watts  per 
square  meter  (5,  10  and  20  watts/sq.ft)  at  an  average  installation  cost  of 
$15.97  per  square  meter  ($1 .48/sq.ft. ) .  A  transformer  station  for  supply- 
ing the  necessary  power  was  not  included  in  this  unit  cost. 
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TABLE  21:  INSTALLATION  AND  OPERATING  COSTS  FOR  EMBEDDED  ELECTRICAL 
ELEMENTS  H081 


LOCATION 

INSTALLATION  COST 

OPERATING  COST 

WIRE  MESH 

REINFORCEMENT 

LESS  COST  OF 

TRANSFORMERS 

RESISTANCE  CABLE 

WIRF 

MESH 

RESISTANCE 
CABLE 

LESS  COST  OF 
TRANSFORMERS 

WITH   COST  OF 
TRANSFORMERS 

per 

100 
Square 
Meters 

per 
1,000 
Square 

Feet. 

per 

100 
Square 
Meters 

per 
1,000 
Square 
reet 

per 
Square 
Meter 

per 

Square 

Foot 

per 
Square 
Meter 

per 

Square 

Foot 

per 
Square 
Meter 

per 

Square 

Foot 

Michigan  Test  Section 

$  8.93 

$0.83 

$0.76a 

$0.71a 

Salem,   Oregon 

10.76 

1.00 

$25.08 

$2.33 

0.23b 

0.21h 

$0.1 8b 

$0.1 7h 

Wichita   Falls,   Texas 

15.93 

1.48 

0.54tn 
1.08c 

0.50  to 
1.00c 

Amarillo,   Texas 

$25. 73d 

$2.39d 

0.15 

0.14 

Passaic  River  Bridge,   N.J. 

16.79 

1  .56 

2.80 

2.60 

Proposed   Installation,   N.J. 

3!.97d 

2.97d 

3.93e 

3.65e 

Chicago  Tollway 

65.23 

6.06 

f 

f 

Aberdeen,   South   Dakota 

52.74 

4.90 

f 

f 

a  Average  asphalt  and  concrete  section. 

b  Based  on  110  operating  hours. 

c  Includes  demand  charges  for  utility-owned  transformers. 

d  Low  bid  price,  average  cost  for  roadway  and  structure. 

e  Estimated,  winter  months;  Includes  demand  charges  for  utility-owned  transformers. 

f  Not  available. 


As  a  comparison,   installation  costs   including  the  cost  of  three,   333 
KVA  transformers   for  the  Amarillo  snow-melting  project  was  as   follows: 

TABLE  22:   INSTALLATION  COST  FOR  THE  AMARILLO  SNOW-MELTING  PROJECT  [108] 


HEAT  OUTPUT   (watts) 
PER                           PER 
SQUARE                      SQUARE 
METER                          FOOT 

COST 
PER                            PER 
SQUARE                      SQUARE 
METER                          FOOT 

376.7 

35.0 

$42.63 

$3.96 

269.1 

25.0 

30.46 

2.83 

188.4 

17.5 

21.31 

1.98 

134.5 

12.5 

15.18 

1.41 

The  cost  per  square  meter   (foot)    increases   for  higher  wattage  requirements; 
therefore,   it   is   particularly  important  that  the  correct  design  wattage  be 
chosen  for  electrical    snow-melting  systems. 
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The  problems  and  difficulties  associated  with  the  installation  of 
electrical  elements  are  similar  to  those  for  embedded  pipes,  and,  in 
some  instances  are  even  greater  in  number  [108].  Although  the  electrical 
elements  can  be  incorporated  with  a  resurfacing  project  making  their  use 
more  attractive,  it  also  creates  more  difficulty  in  placement. 

All  of  the  problems  of  embedding  pipe  in  the  slab  apply  when 
conduit  is  used  as  an  avenue  for  the  electrical  heating  elements.  A 
damaged  or  corroded  conduit  offers  no  protection  and  may  hasten 
deterioration  or  cause  an  electrical  failure.  Because  of  the  increased 
diameter,  conduit  normally  may  be  employed  only  with  new  construction, 
not  resurfacing. 

In  new  construction  the  heating  elements  or  cables  are  either 
attached  to  the  reinforcing  network  in  grids  of  predetermined  lengths, 
widths  and  spacings  prior  to  concrete  placement;  or  mats  of  the  correct 
lengths,  width  and  cable  spacing  are  formed  from  the  heating  elements 
and  then  placed  prior  to  the  final  4  or  5  centimeters  (1-1/2  or  2  in.) 
of  concrete. 

With  good  construction  practices,  an  electrical  system  will 
apparently  give  many  years  of  satisfactory  service  with  minimum  main- 
tenance costs. 

Snow  melters  and  central  melting  sites  have  been  employed  for  the 
purpose  of  snow  and  ice  control  on  some  city  streets,  but  have  not  made 
an  entry  to  highway  segments  or  networks  as  an  economically  feasible 
alternative  to  present  practices.  The  American  Public  Works  Association 
[114]  has  identified  systems  that  are  in  use,  and  details  some  of  their 
characteristics. 

As  a  general  use  the  various  type  of  pavement  heating  systems  are 
not  economically  feasible  as  an  alternate  to  methods  presently  being 
used,  however  in  specialized  areas  such  as  high  accident  ramps, 
intersections,  etc.,  one  of  these  systems  may  be  justifiable 
economically  on  a  basis  if  analyzed  separately  for  each  location  under 
consideration  for  use. 

Storage  and  Stockpiling 

Storage  of  deicing  materials  may  be  in  open  stockpiles,  under 
cover,  or  packaged  separately  in  bags  [115], 

The  Environmental  Protection  Agency  has  detailed  specific  measure- 
ments and  design  criteria  for  a  number  of  storage  or  cover  facilities, 
including;  wooden  rigid  frame  storage  building,  wooden  rigid  frame 
storage  building  with  loading  ramp,  dual  storage  building  for  materials 
and  equipment,  concrete  and  wood  storage  building,  storage  crib  with 
sliding  roof,  open-face  concrete  block  and  timber  shed,  braced  timber 
storage  shed,  dome  storage  shelter,  creosoted  timber  storage  shed, 
storage  under  a  viaduct,  covered  outdoor  storage  piles  and  overhead 
hoppers.  Any  one  of  these  methods  of  storage  may  be  the  most  economical 
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FIGURE    66      BIN    SALT    STORAGE    SITE    (Courtesy   Virginia    Department 
Of    Transportation) 
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FIGURE    67      SILO    SALT    STORAGE    SITE      (Courtey  Virginia   Department 
Of  Transportation) 
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FIGURE    68:    DOLMAR   DOME    STORAGE  SITE    (Courtesy    Minnesota   Department 
Of   Transportation) 


FIGURE    69       ROADSIDE    BIN     SALT    STORAGE   SITE      (Courtesy     Virginia  Department 
Of   Transportation) 
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depending  on  material  to  be  stored  and  what  it  is  to  be  protected 
against.  Also,  included  in  a  capacity  and  cost  summary  for  salt 
storage,  site  selection  and  design  information. 

In  addition  to  covered  storage  of  deicing  materials,  several 
states  store  abrasive,  salt  and/or  premix  combinations  in  unprotected 
stockpiles.  This  poses  a  problem  for  the  salt  in  that  caking  may 
become  a  functional  and  expensive  problem.  To  combat  this,  the  use 
of  anti-caking  agents  such  as  YPS  (see  Environmental  Chapter)  may  be 
added.  Utah's  specification  on  salt  is  included  in  the  appendix.  Here 
the  YPS  has  been  reported  as  retarding  the  caking  characteristics  of 
the  salt  stockpile  except  for  the  outer  2  to  6  centimeters  (1  to  3  in.) 
which  is  easily  broken  by  hand. 

Experiences  with  storage  of  various  types  of  deicing  material  have 
been  reported  [116]  and  it  appears  that  the  type  of  storage  facility 
used  should  be  based  upon  an  individually  engineered  solution  for  each 
location  to  be  applied  or  an  acceptable  policy  that  may  be  easier 
implemented  on  a  statewide  basis.  Whatever  approach  and  solution  is 
found,  it  should  be  in  harmony  with  potential  environmental  impacts 
for  the  policy,  local  political  influences  and  reflect  the  public 
opinion  or  desires  for  that  location. 

Premixing  of  materials  for  snow  and  ice  control  is  accomplished 
almost  entirely  by  unloading  specified  amounts  of  the  premix  constituents 
available  at  a  given  maintenance  stockpile.  A  few  states  use  bag 
chemicals  mixing  them  by  hand  with  other  materials.  Conveyor  and  hopper 
systems  are  used  to  a  wery   limited  extent  to  premix  deicing  materials. 
As  compared  with  other  maintenance  activities  in  snow  and  ice  control, 
the  activity  of  premixing  deicing  materials  appears  to  be  the  most 
inefficient  in  the  snow  and  ice  maintenance  procedures.  Of  total 
material  costs,  the  premixing  cost  can  be  as  high  as  one-third  of  the 
total  cost. 

Rate  of  Appl ication 

The  optimum  application  rate  is  a  function  of:  level  of  service 
desired,  weather  conditions  and  their  change  with  time,  state  and 
characteristics  of  the  chemicals  used,  time  of  application,  traffic 
density  at  the  time  of  subsequent  to  chemical  application,  topography 
and  the  type  of  road  surface. 

However,  determination  of  the  proper  application  rate  is  a  matter 
of  judgement  and  a  guess  as  to  weather  conditions  immediately  following 
the  application.  If  a  treatment  is  made  based  on  the  expectations  that 
a  storm  will  continue  for  several  hours  but  it  doesn't,  the  amount 
applied  will  have  been  excessive.  Few  maintenance  organizations  are 
equipped  or  staffed  to  apply  a  minimum  treatment  followed  by  a  second 
treatment  should  observations  indicate  the  necessity.  In  some  cases, 
policies  call  for  the  threatment  of  lower-priority  roads  after  the  most 
critical  highways  are  treated;  if  a  second  treatment  of  critical  highways 
is  necessary,  the  lower-priority  roads  must  be  left  untreated  for  a 
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longer  time.  This  leads  to  the  practice  of  operators  choosing  an  arbitrary 
application  rate  that  will  reasonably  cover  as  many  of  the  unknown  future 
contingencies  as  possible,  even  though  this  results  in  excessive 
application  when  a  storm  condition  unexpectedly  moderates.  Traffic  may 
soon  whip  off  loose  dry  chemicals  or  splash  off  a  high-brine-content 
slush  when  heavy  initial  chemical  treatments  are  applied. 

The  practice  of  applying  chemicals  in  increments,  as  needed, 
represents  one  of  the  most  useful  methods  of  reducing  the  quantity  of 
chemicals  applied  and  increasing  the  amount  of  effectively  utilized  for 
deicing  or  anti-icing  [4]. 

Observations  of  the  behavior  of  wet  snow  under  actual  traffic 
conditions  by  Schaerer  [117]  led  him  to  conclude  that  snow  with  a 
free-water  content  less  than  fifteen  percent  was  compacted  and  formed 
a  hard  slippery  surface.  Snow  with  a  free-water  content  of  15  to  30 
percent  was  usually  not  compacted  but  remained  on  the  road  in  a  soft, 
loose  state.  Snow  with  greater  than  30  percent  free  water  was  removed 
by  traffic.  The  British  Transport  and  Road  Research  Laboratory  recommends 
the  application  of  sodium  chloride  at  a  rate  of  48  grams  per  millimeter 
of  snow  per  square  meter  per  degree  C  (1/8  lb. /in.  of  new  snow/sq.  yd/ 
°F)  below  freezing  on  roads  with  a  traffic  density  more  than  50  vehicles 
per  hour  for  removal  of  the  snow  by  traffic  action  [118].  This  is 
equivalent  to  564  kilograms  per  two-lane  kilometer  per  2.5  centimeters 
of  snow  per  degree  centigrade  (1,760  lbs. /two-lane  mi. /in.  of  snow/°F) 
below  freezing.  This  quantity  of  chemical  is  sufficient  to  produce 
between  30  and  40  percent  melting.  Such  high  application  rates  are  not 
common  in  the  United  States. 

Vermont  applies  136.07  to  362.87  Kilogram  per  two-lane  kilometer 
(300  to  800  lbs. /two-lane  mi.)  depending  on  the  situation.  The  state 
maintenance  engineer  must  report  any  application  exceeding  225.0  kilogram 
per  kilometer  (800  lbs. /mile)  to  the  State  Department  of  Water  Resources 
within  fourteen  days. 

Standard  application  rates  in  Maine  are  113.0  kilogram  per  two-lane 
kilometer  (400  lbs./2-lane  mile),  but  it  can  be  raised  to  169.0  kilogram 
per  kilometer  (600  lbs. /mi.)  under  heavy  icing  conditions. 

Massachusetts  has  standardized  an  application  rate  of  98.6  kilograms 
per  lane-kilometer  (350  lbs. /lane-mile)  of  straight  salt  for  temperatures 
-4°C  (25°F)  and  rising,  and  a  1:1  premix  (sodium  chloride:  calcium 
chloride)  for  -4°C  (25°F)  and  dropping.  This  rate  is  not  varied;  instead, 
field  personnel  must  justify  the  number  of  applications  made.  The 
98.6  Kilogram  (350  pound)  rate  has  been  arrived  at  by  experience  in 
achieving  a  desired  margin  of  safety.  Experiments  have  shown  that  56.4 
to  70.5  kilogram  per  lane  kilometer  (200  to  250  lbs. /lane-mile)  frequently 
Allowed  compacted  snow  to  develop.  However,  experimental  applications  at 
the  rate  of  56.4  to  70.5  kilogram  per  lane  kilometer  (200  to  250  lbs./ 
lane  mile)  of  the  5:1  sodium  chloride-calcium  chloride  premix  will  be 
made  at  the  warmer  temperatures  of  -4°C  (25°F)  and  rising,  in  order  to 
reduce  chemical  quantity.  This  will  consequently  increase  costs  (1972 
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prices:  salt  $13.15  per  metric  ton,  premix  $19.80  per  metric  ton 
($14.50  per  ton,  premix  $21.80  per  ton)). 

Salt  application  rates  for  municipalities  run  as  high  as  282.0 
to  563.7  kilogram  per  two-lane  kilometer  (1,000  to  2,000  lbs. /two-lane 
mile).   New  York  City  used  .095  kilograms  per  square  meter  (1/4  lbs./ 
sq.  yd.)  or  approximately  845.5  kilograms  per  kilometer  (3,000  lbs./ 
mile)  during  the  early  use  of  salt  in  the  late  1940's,  but  now  applies 
salt  at  the  rate  of  .035  kilograms  per  square  meter  (1/8  Ibs./sq.yd. ) . 
This  is  the  quantity  yielded  by  the  minimum  opening  of  the  rear  gate 
on  spreaders,  and  local  field  tests  have  shown  this  is  adequate  for 
freezing  rain  and  light  snow.  Bus  routes  and  federal  and  state  numbered 
routes  always  receive  treatment;  other  roads  are  treated  on  the  basis  of 
ADT  (average  daily  traffic),  sharp  curves,  and  steep  grades.  Hazardous 
intersections  are  also  treated. 

During  the  winter  of  1971-72,  cities  receiving  127  centimeters 
(50  in.)  of  snow  or  more  applied  salt  at  an  average  of  11.6  metric  tons/ 
lane-kilometer  (20.6  tons  per  lane-mile),  those  receiving  76  to  125  centi 
meters  (30  to  49  in.)  snow  applied  5.3  metric  tons/lane  kilometer 
(9.4  tons  per  lane-mile),  and  light  snowfall  regions  of  less  than 
76  centimeters  (30  in.)  snow,  applied  4.8  metric  tons/lane  kilometer 
(8.5  tons  per  lane  mile). 

Toll  road  organizations  tend  to  be  more  generous  in  their  applica- 
tion of  deicing  chemicals  as  compared  to  states  because  they,  in  effect, 
are  selling  a  service  and  don't  wish  to  run  the  risk  of  damaging  the 
good  will  of  their  customers  by  permitting  road  conditions  to  cause 
undue  hazards  or  delays  [4]. 

The  district  materials  laboratory  in  Pueblo,  Colorado  [191 ]  has 
been  experimenting  with  materials  for  estimating  the  optimum  percent 
salt  content  in  sand  mixtures  used  for  the  removal  of  snow  and  ice  on 
highways. 

Experiments  have  been  conducted  on  the  higway  itself,  to  determine 
what  sand-salt  mixture  would  be  best  for  accomplishing  ice  removal,  and 
at  the  same  time  limit  the  effect  on  the  natural  environment. 

Samples  of  sand  mixes  were  made  consisting  of  a  range  of  salt  and 
calcium  chloride.  These  include  one  through  eight  percent,  and  one 
through  eight  percent  mixes  of  1:1  ratios  of  NaCl  and  CaCl2-  The 
objective  is  to  find  the  least  amount  of  salt  required  to  remove  the 
snow  and  ice,  accounting  for  temperature. 

The  one  and  two  percent  sodium  chloride  mixes  failed  to  react  to 
any  significant  degree,  dry  sand  proved  to  be  as  effective.  Mixes 
consisting  of  five-six  percent  indicated  the  optimum  mixture.  The 
eight  percent  mix  was  the  most  concentrated  salt  content  applied  and  the 
reaction  did  not  appear  to  be  significantly  better  than  the  five  or 
six  percent  mixes. 

The  Environmental  Protection  Agency  [15]  suggested  guidelines  for 
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chemical   application  rates  are  presented  in  Table  23. 

They  further  state  that  these  guidelines  reflect  the  lower  limits 
of  chemical   usage  in  current  practice  among  a  wide  range  of  city,   town, 
county,   state,   and  toll-road  authorities.     Five  classifications  of  roads 
comprise  the  basic  categories.     The  guidelines  are  presented  in  terms 
of  the  amount  of  material   that  is  to  be  spread  upon  a  kilometer  (mile) 
of  two-lane  road  or  per  kilometer  (mile)  of  two  lanes  of  a  divided 
highway. 

The  Pennsylvania  Department  of  Transportation  has  experimented  with 
premix  ratios  consisting  of  one  part  calcium  chloride  and  five  parts 
sodium  chloride  [43],     Recommendations   include  spreading  salt  and 
deicing  chemicals  at  225  kilogram  per  kilometer   (800  lbs/mile)  on  ice 
and  approximately  141    kilograms  per  kilometer  (500  lbs/mile)  on  packed 
snow.      In  practice  they  have  found  it  necessary  to  increase  application 
rates  up  to  423  kilograms  per  two-lane  kilometer  (1,500  lbs/two-lane 
mile).     Resulting  recommendations  are  summarized  in  Table  24. 

Many  more  recommended  application  rates  have  been  proposed, 
depending  on  the  situation,   traffic,  etc.     The  Salt  Institute,   trade 
journals  and  several   county  and  local   agencies  have  recommended  salt 
and/or  chemical   application  rates   [119]. 

An  economic  analysis,   depending  on  material   avail abi 1 tiy ,   applica- 
tion  rates,   temperature  and  type  of  service  that   is  desired  would   best 
describe  the  cost  effectiveness  of  material    to  use   in  a   given   location. 


TABLE  24:  CHEMICAL  AND  ABRASIVE  APPLICATION  PROCEDURES  SUGGESTED  BY 
THE  PENNSYLVANIA  DEPARTMENT  OF  TRANSPORTATION  ["671 


STORM  CONDITION 


PROCEDURES  RASED  ON  A  TWO  LANE  TAVEMENT 


Condition  1 

Temperature  -  Near  -V°C  (30°F) 
Precipitation  -  Snow,  sleet  or  freezing  rain 
Pavemen*;  condition  -  Wet 


If  freezing  rain,  apply  salt  at  56  Kilograms  per  Kilometer 
(200  pounds  per  mile).   If  sleet,  apply  salt  at  140  Kilograms 
per  Kilometer  (500  pounds  per  mile.)   If  snow  continues  and 
accumulates,  plow  and  salt  simultaneously.   If  rain  continues 
to  freeze,  reapply  salt  at  56  Kilograms  per  Kilometer  (200 
pounds  per  mile). 


Condition  2 

Temperature  -  Below  -1°C  (30°F)  and  Falling 
Precipitation  -  Snow,  sleet  or  freezing  rain 
Pavement  condition  -  Wet  or  sticky 


Immediately  apply  chemical  at  110-170  Kilograms  per  Kilometer 
(500-600  pounds  per  mile).   If  freezing  rain,  at  56-110  Kilo- 
grams per  Kilometer  (200-100  pounds  per  mile).   If  snowfall 
continues  and  accumulates,  plow  and  repeat  chemical  applica- 
tion simultaneously. 


Condition  3 

Temperature  -  Below  -7°C  (20T)  and  falling 

Precipitation  -  Dry  snow 

Pavement  condition  -  Dry 


Plow  as  soon  as  necessary.  Do  not  apply  chemicals.  Continue 
to  plow  and  patrol  to  check  for  wet,  packed  or  icy  spots; 
treat  them  with  heavy  chemically  treated  antiskid  material. 


Condition  4 

Temperature  -  Below  -7°C  (20"F)  and  at  Night 
Precipitation  -  Snow,  sleet  or  freezing  rain 
Pavement  condition  -  Wet 


Apply  chemicals  or  antiskid  material  as  often  as  reguired  by 
traffic  conditions.   If  temperature  starts  to  rise  apply 
chemicals  at  170-230  Kilograms  per  Kilometer  (600-800  pounds 
per  mile),  then  start  plowing  as  soon  as  feasible.  Continue 
until  bare  pavement  is  obtained. 


Condition  5 

Temperature  -  Below  -12°C(10°F) 
Precipitation  -  Snow  and  freezing  rain 
Pavement  condition  -  Accumulation  of  packed 
snow  or  thick  ice 


Apply  antiskid.  Apply  chemicals  at  the  rate  of  140  Kilograms 
per  Kilometer  (500  pounds  per  mile).  When  snow  or  ice  be- 
comes slushy,  remove  by  plowing.  Repeat  application  and 
continue  blading  until  pavement  is  clear. 
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Safety  Methods  For  Equipment  in  Snow  and  Ice  Control 

A  review  of  trade  magazines  generated  procedures  used  by  various 
agencies  involved  with  snow  and  ice  control  on  increasing  their  safety, 
safety  to  men  and  the  roadway  user  while  performing  the  snow  removal 
activities. 

Better  Roads  [77]  asked  the  three  questions: 

1.  Are  your  snowplow  units  equipped  with  any  extra  or  unusual 
warning  devices  to  attract  the  attention  of  motorists  in  order 
to  avoid  collisions  with  the  snowplows? 

2.  What  special  instructions  do  you  give  your  operators  to  help 
them  avoid  this  kind  of  incident? 

3.  Have  you  found  any  ways  to  inform  the  public  of  this  dangerous 
situation?  Have  any  of  your  information  programs  proved  effective? 

Some  of  the  replies  were: 

In  Cass  County,  North  Dakota  snowplow  units  are  equipped  with  the 
usual  headlights,  clearance  lights  and  a  large  amber  flashing  light  on 
top  of  the  cab,  as  required  by  law.  Operators  are  instructed  to  keep 
the  flashing  light  operating  at  all  times  while  snowplowing  on  a  public 
road. 

In  Michigan  trucks  are  equipped  with  the  usual  set  of  lights, 
although  tail  lights  have  what  is  called  a  "hot  bulb".  This  bulb 
produces  enough  heat  to  keep  the  snow  melted  off  the  tail  light. 
Also,  they  have  a  light  directed  at  the  underbody  scrapers. 

Each  fall,  operators  are  given  a  refresher  course  in  the  operation 
of  snow-removal  equipment. 

In  Montgomery  County,  Ohio,  notification  is  forwarded  to  "Air 
Scout"  when  a  storm  arrives  to  warn  the  traveling  public  of  the  icy 
roads  and  to  tell  them  to  be  on  the  look-out  for  salt  trucks. 

In  Indiana,  all  State  Highway  trucks  that  carry  underbody  scrapers 
and  front-end  snowplows  are  equipped  with  rotating  beacon  lights  as  well 
as  other  clearance  lights  fore  and  aft.  In  addition  to  these,  the 
underbody-scraper  units  have  red  flags  mounted  on  flexible  shafts 
attached  to  each  end  of  the  scraper.  Some  have  a  reflector  disc 
mounted  on  each  end  in  addition  to  the  flags. 

In  general,  drivers  do  not  receive  any  special  instructions,  other 
than  the  constant  reiteration  of  the  usual  instructions  for  safe 
driving  under  adverse  driving  conditions. 

Illinois  has  experienced  a  rather  alarming  number  of  accidents 
involving  snow  and  ice-control  trucks.  The  causes  of  these  accidents 
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are  numerous.  A  large  number  of  them,  however,  result  from  the 
following  situations: 

•  Motorists  are  following  trucks  too  closely  and,  when  trucks  make 
an  abrupt  stop,  the  following  motorists  are  unable  to  stop  in  time  to 
avoid  rear  end  collisions. 

•  A  number  of  accidents  occur  when  truck  units  are  plowing  and 
hit  either  packed  snow  or  an  obstruction  in  the  pavement.  This  causes 
the  plow  to  trip  and  consequently  throws  the  truck  across  the  center- 
line.  Usually  this  situation  results  from  truck  operators  attempting 
to  plow  at  too-high  speeds. 

Safety  oriented  programs  to  combat  the  problem  include  equipping 
snow  and  ice-control  trucks  with  additional  lights.  An  amber  revolving 
type  of  light  is  mounted  on  a  self-leveling  bracket,  which  is  mounted 
in  the  center  of  the  dump-body  cab  shield.  An  additional  seven  inch 
diameter  tail  light  is  mounted  on  the  upper  left  corner  of  the  cab 
shield.  Another  18  centimeter  (7  in.)  red  light  is  mounted  on  the 
upper  right  corner  of  the  cab  shield.  In  addition  to  the  two  conven- 
tional combination  tail  light,  stop  light  and  turn-signal  lights 
mounted  on  the  rear  of  the  truck  frame,  an  additional  combination  tail 
light,  stop  light  and  turn-signal  light  is  mounted  on  the  upper  left 
and  right  rear  corners  of  the  dump  body.  Also,  43  by  51  centimeter 
(17  x  20  in.)  red  warning  flags  are  mounted  on  the  left  rear  corner 
of  the  dump  body  and  on  the  left  front  corner  of  the  front  bumper. 
Attempts  are  made  to  maintain  this  same  size  red  flag  on  each  end  of 
the  snowplow  moldboards.  Various  attempts  have  been  made  over  the 
years  to  mark  the  ends  of  the  snowplows  with  lights,  reflectors  and 
various  types  of  reflective  paint.  None  of  these  ideas,  however,  has 
proved  satisfactory. 

Operators  are  warned  that  plowing  operations  should  not  be  attempted 
at  speeds  in  excess  of  40  kilometers  (25  miles)  per  hour. 

E.  B.  Hodgins,  Maintenance  Engineer  for  New  Hampshire  Department  of 
Public  Works  and  Highways,  wrote  in  Public  Works  in  August  1971  [128] 
that 

...for  several  years  we  have  been  alarmed  by   the  increasing 
number  of  accidents  resulting  from  vehicles  overtaking  our  "plow 
units.      We  improved  our  warning  light  sy stems 3    thinking  that  any 
prudent  driver  of  an  overtaking  vehicle  would  recognize  a  slow 
moving  vehicle  ahead.      Involvements  continued3    however 3    some- 
times with  the  plow  truck  itself  and  sometimes  with  the  wing 
plow,    which  may  project  four  feet  to   the  right  or  left  of  the 
normal  clearance   line  of  the  truck. 

An  overtaking  operator  finds  a  constantly  decreasing  snow 
accumulation  as  he  closes  the  distance  to  a  plow  ahead3   and 
generally  increases  his  speed  accordingly. 
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The  operator  of  the  plow  truck,  on  the  other  hand,  finds  an  increasing 
accumulation  of  snow  or,  at  least,  all  that  has  fallen  on  the  roadway 
since  his  last  pass.  The  truck  operator  has  poorer  visibility  than  does 
the  driver  coming  up  behind  him.  Snow  escaping  from  the  moldboard  of 
the  front-mounted  plow,  plasters  the  windshield.  The  standard  truck 
headlights  are  blocked  by  the  plow,  so  auxiliary  lights  are  mounted  at 
about  the  height  of  the  operator's  eye.  In  night  operation,  the  glare 
from  these  lights  on  the  falling  snow  is  a  constant  problem  for  the 
driver  of  the  truck.  The  overtaking  driver,  with  his  lights  at  low 
beam,  has  fewer  problems  with  visibility. 

It  seems  that  any  hope  of  reducing  the  accident  rate  must  come 
from  reducing  the  speed  of  the  overtaking  vehicle,  or  increasing  the 
speed  of  the  plow  truck. 

States  responsible  for  maintaining  snow  and  ice  on  highways  that 
have  numerous  curves  and/or  are  subjected  to  severe  winter  storms  and 
blizzards  have  found  that  snow  poles  aid  considerably  in  delineating  a 
path  for  plow  operators  and  the  driving  public.  These  vary  in  color 
and  height.  Snow  poles  are  placed  at  selected  spots  or  can  be  attached 
to  existing  highway  appurtenances  (delineators,  guardrail,  etc.)  for 
economy.  Flags  attached  to  the  top  of  snow  poles  have  been  reported 
as  helpful  driving  aids  during  poor  visibility  conditions.  For 
economic  reasons,  snow  poles  can  be  left  in  place  year  round  but  are 
usually  removed  every   spring  and  replaced  in  the  fall. 

Consideration  should  be  given  to  standardize  many  of  the  operating 
procedures  and  safety  equipment  on  maintenance  vehicles  between  states. 
Presently,  amber  lights  will  be  found  on  snow  plows  and  other  mainten- 
ance equipment  in  one  state  and  blue  lights  on  the  same  type  of 
equipment  across  the  state  border.  Yellow  vehicles  on  a  particular 
stretch  of  highway  are  used  and  beyond  the  state  line  another  color  is 
found.  Standardization  of  basic  color  warning  systems,  to  promote  less 
confusion  to  the  road  user  during  poor  visibility  or  bad  weather,  would 
be  helpful . 

Routing 

For  a  typical  maintenance  responsibility  area,  there  are  numerous 
alternatives  for  locating  stockpiles  of  salt  and  abrasives  as  well  as 
the  storage  of  winter  maintenance  equipment.  At  the  onset  of  a  storm, 
these  are  the  locations  from  which  snow  removal  equipment  begins  its 
tasks  of  removing  snow  and/or  spreading  deicing  or  anti-skid  materials. 
The  question  arises,  what  sequence  of  routes  should  be  assigned  to  a 
particular  truck  to  optimize  time  in  use,  and  minimize  fuel  consump- 
tion, and  number  of  trucks  and  manpower  required?  There  are  many 
factors  to  be  considered  in  equipment  routing:  the  characteristics  of 
the  particular  storm,  the  time  of  day,  the  day  of  week,  the  immediate 
availability  of  manpower,  the  layout  of  the  local  road  system,  and  others 
Even  though  specific  routes  are  preassigned  to  particular  trucks,  it  is 
not  uncommon  that  on-the-spot  changes  must  be  made  because  of  drifting, 
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icing  or  accidents. 

Freedom  at  the  foreman's  level  to  make  changes  in  response  to 
momentary  conditions  is  a  desirable  managerial  policy,  but  it  is  still 
necessary  to  have  a  standard  operational  plan.  In  the  past  such  plans 
were  formulated  on  the  basis  of  the  experience  of  the  foremen  and 
other  managerial  maintenance  personnel.  This  method  has  the  advantage 
that  intrinsic  features  of  the  road  system,  traffic  demand  and  trouble 
spots  are  well-known  by  those  who  service  the  roads.  Yet  the  question 
remains  whether  from  the  large  number  of  possible  routings  for  each 
truck  of  a  fleet  the  best  possible  ones  have  been  chosen  or  if  it  makes 
much  difference  what  the  nominal  plans  are  [129], 

A  linear  programming  model  can  only  consider  one  particular 
objective,  while  it  is  obvious  that  there  are  many  criteria  involved  in 
determining  an  acceptable  routing  strategy. 

One  important  criterion  for  a  routing  strategy  is  the  minimization 
of  the  total  time  for  servicing  all  roads  of  a  system,  or  of  the  total 
number  of  truck  miles  necessary  for  completion  of  the  standard  plan. 
Another  criterion  could  be  the  minimization  of  deadheading  or  of  setup 
time  (the  time  required  by  a  truck  to  travel  from  the  stockpile  to  the 
beginning  of  the  route  to  be  serviced  by  it). 

The  Pennsylvania  State  University,  in  conducting  a  study  for  the 
Pennsylvania  Department  of  Transportation,  chose  as  their  objective  of 
a  linear  programming  model  to  minimize  the  total  number  of  truck  miles 
required  to  service  a  given  road  system.  A  second  model  attempted  to 
incorporate  notions  of  priority  and  the  dynamic  needs  of  the  public. 
The  timing  of  service  in  relation  to  the  storm  and  the  relative 
effectiveness  of  the  service  is  formulated  via  a  structured  random 
sampling  technique. 

The  criterion  for  the  model  is  the  minimization  of  truck  miles 
incurred  subject  to  the  constraint  that  all  roadways  in  the  system  are 
serviced.  It  will  be  assumed  for  the  sake  of  simplicity  that  all  road- 
ways in  the  system,  which  will  be  called  links,  are  of  the  same  length. 
This  assumption  is  not  necessary  but  makes  the  development  less  cumber- 
some. 

This  model  has  some  interesting  theoretical  aspects,  but  the 
research  group  came  to  the  conclusion  that  other  routing  strategies, 
for  instance  graph  theory  and  simulation,  should  be  significantly 
superior.  The  major  difficulty  with  the  linear  programming  method  is 
that  for  even  a  medium  sized  system,  the  number  of  constraints  and 
variables  becomes  too  large  to  handle  easily.  Furthermore,  the  process 
of  converting  the  noninteger  solution  into  an  integer  solution  is  quite 
subjective  and  is  difficult  to  apply  even  for  an  expert  in  mathematical 
programming.   In  short,  a  great  deal  more  work  would  have  to  be  done 
on  this  method  to  make  it  of  practical  value  to  the  truck  routing 
problem. 

Random  routing  is  done  many  times  over,  and  the  routing  strategies 
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that  service  the  higher  priority  roads  earliest  are,  of  course,  going 
to  receive  the  highest  total  scores.  If  a  truck  must  travel  a  road  that 
has  already  been  serviced,  it  receives  a  score  of  zero  for  the  correspond- 
ing units  of  time.   In  this  manner,  routings  with  a  large  amount  of 
duplication  will  score  low  and  hence  will  not  be  viable  contenders  for 
the  set  of  best  routings  generated  by  the  program. 

Once  the  benefit-time  curve  has  been  constructed  and  the  other 
necessary  data  is  included  in  the  computer  program,  one  can  generate  any 
number  of  possible  routing  strategies.  From  a  small  subset  with  the 
highest  scores,  the  strategy  that  best  satisfies  other  criteria  can  then 
be  chosen.  Of  course,  the  more  routing  strategies  are  generated  the 
better  is  the  chance  that  optimum  results  are  obtained. 

Routing  is  usually  determined  via  snow  plans  for  a  particular 
highway  network.  To  lower  costs  of  maintaining  a  particular  level  of 
service,  it  may  be  desirable  to  alter  traditional  section  or  district 
boundaries  for  the  purposes  of  snow  and  ice  control.  Alterations  of 
these  boundaries  should  be  compatible  with  accessible  turn  around 
locations.  Overlapping  intersections  are  desirable  to  avoid  missing 
certain  highway  segments  at  the  interchanges.  Normal  maintenance  or 
district  boundaries  do  not  always  fall  at  such  convenient  locations. 

Stockpile  locations  should  be  determined  based  on  equipment 
capacity  such  that  "dead  heading"  for  deicing  materials  or  abrasives  is 
not  required  or  held  to  a  minimum.  Routes  chosen  to  begin  and  end 
near  stockpile  locations  is  helpful  or  establishment  of  stockpile  loca- 
tions at  either  end  of  routes  and  near  highway  junctions  so  the  end 
point  of  more  than  one  highway  segment  may  be  serviced  from  the  same 
stockpile  is  an  aid  in  cutting  costs. 

Bridge  Decks 

The  safety  of  highway  transportation  is  largely  dependent  on  the 
highway  environment  and  the  driver's  awareness  of  it.  A  prime  example 
is  an  icy  road  condition  -  especially  when  it  is  localized.  This  often 
happens  with  bridges.  Not  only  may  the  condition  by  unsuspected  by  the 
motorist,  but  the  confines  of  bridge  abutments  and  railings  give  him  no 
escape  route  when  trouble  occurs  [130]. 

Winter  accident  reports  indicate  that  a  number  of  highway  skidding 
accidents  are  caused  by  the  presence  of  frost  or  ice  on  bridges  and 
underpasses  caused  by  a  high  humidity  and  a  freezing  atmospheric 
temperature.  This  condition  is  particularly  hazardous  when  the 
approaching  highway  is  dry  due  to  higher  road  surface  temperatures  that 
result  from  the  sun's  radiation  or  the  heat  source  provided  by  the 
ground. 

In  1965,  for  2-1/2  years,  the  Traffic  Research  Section,  Michigan 
Department  of  State  Highways  has  been  evaluating  a  detection  system  that 
anticipates  frost  and  ice  formation  during  the  presence  of  high  humidity 
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FIGURE   70       OVERHEAD    ICE    WARNING    SIGN    (Courtesy  Virginio  Department 
Of   Transportation  ) 

and  low  bridge  deck  temperature  conditions  and  automatically  warns 
approaching  drivers  of  the  icy  condition  by  a  lighted  warning  sign. 
The  system  also  detects  the  presence  of  snow  or  ice  due  to  precipitation 
when  the  relative  humdity  is  low  and  also  initiates  a  warning  by  a 
lighted  sign. 

This  system  incorporates  both  humidity  monitoring  for  detecting 
frost  or  ice  conditions  before  they  form  and  signal  sensors  installed  in 
the  bridge  deck,  for  monitoring  frost  or  ice  formations  resulting  from 
precipitation. 

The  site  chosen  for  the  evaluation  was  the  bridge  over  the  Flint 
River  on  1-75  west  of  the  city  of  Flint,  Michigan.  This  location  was 
chosen  because  the  number  of  accidents  caused  by  slippery  bridge  decks  due 
to  icy  or  frosty  conditions  was  higher  in  comparison  to  other  sites  which 
were  considered  and  the  site  was  within  a  reasonable  driving  distance  for 
installing,  servicing  and  maintaining  the  equipment  necessary  to  carry 
out  the  evaluation. 

Detection  of  these  icing  conditions  -  particularly  frost  -  has  been 
the  prime  objective  of  many  feasible  proposals.  A  device  that  properly 
detects  (or  predicts)  icing  could  be  helpful  in  many  ways.  It  could 
send  an  alert  to  the  maintenance  garage;  activate  salt  spreading  devices, 
heating  cables  or  other  deicing  systems  or  trigger  real-time  signing 
to  alert  motorists  to  a  condition  when  it  is  important.  These  actions 
are  in  contrast  to  passive  "Bridge  Freezes  Before  Pavement"  signs  that 
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FIGURE    71         INSTALLATION    OF    SEASONAL    SIGNING    FOR     ICE 
(Courtesy  South  Dakota    Department  Of  Transportation) 


are  believed  to  be  relatively  ineffective. 

If  the  bridge  deck  temperature  equals  the  saturation  temperature 
of  the  air,  condensation  of  water  vapor  on  the  deck  will  occur.  When 
the  deck  temperature  falls  below  the  saturation  temperature,  condensa- 
tion is  accelerated.  When  the  deck  temperature  is  at  or  below  0°  (zero) 
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degrees  Celsius  (32°  F),  ice  will  form.   Saturation  temperaturp  (tb* 
equivalent  of  85-percent  relative  humidity)  is  calculated  to  be  -T6.'0°C 
(3.1°F)  below  the  ambient  temperature  p31]. 


FIGURE    72!     TEMPORARY     ICE    WARNING    SIGN   (Courtey  Virginia   Department 
Of  Transportation) 

The  detection  system  utilizes  a  relative  humidity  transducer  and 
an  ambient  temperature  transducer  to  continually  monitor  the  relative 
humidity  and  temperature  of  the  air.  The  humidity  sensor  consists  of 
a  humidity  sensitive  film  deposited  on  a  conductive  grid.  As  the 
humidity  rises,  the  film  conductance  increases.  This  phenomena  is  then 
translated  into  voltage  analogues  in  the  electronic  logic  of  an  amplifier 
assembly.  The  humidity  sensor  housing  also  incorporates  the  ambient 
temperature  transducer  whose  conductance  likewise  changes  with  ambient 
temperature  and  is  also  translated  into  voltage  analogues  in  the 
electronic  logic  of  the  amplifier. 

By  comparing  the  differential  temperatures,  the  system  predicts 
when  frost  will  appear  on  the  surface.  Setting  the  electronic  logic 
to  take  action  when  the  relative  humidity  to  saturation  differential  is 
slightly  larger  than  the  deck  to  ambient  temperature  differential, 
frost  is  anticipated  before  it  forms  and  an  ice  warning  sign  is 
automatically  turned  on  to  warn  approaching  drivers. 

To  activiate  the  anticipatory  portion  of  the  system  (predicting 
the  formation  of  frost  or  ice  on  the  bridge  deck  before  it  forms)  three 
input  signals  must  be  generated  before  the  system  provides  an  output 
to  light  up  warning  signs  indicating  BRIDGE  ICY  AHEAD. 

1.  A  bridge  deck  temperature  of  0°C  (32°F)  or  below. 

2.  A  bridge  deck  temperature  of  at  least  -15.8°C  (3.5°F)  below 
air  temperature. 

3.  A  high  relative  humidity. 

When  only  one  or  two  of  these  conditions  are  present  frost  will  not 
form  on  the  deck  and  there  will  be  no  output  from  the  system.  When 
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all  three  conditions  exist,  ice  will  form,  and  the  system  will  provide 
an  output  to  light  the  warning  signs. 

In  1966,  the  State  of  Iowa  Highway  Commission  decided  this  was 
an  inefficient  method  of  checking  winter  road  conditions  and  decided 
to  use  radio  signals  to  alert  maintenance  foremen  at  their  homes  when 
temperature  and  moisture  conditions  became  right  for  icing  of  highways 

Q31]. 

The  system  uses  two  sensors,  designed  to  detect  temperature  and 
moisture  levels  capable  of  producing  ice,  imbedded  in  the  bridge  floor 
about  midway  into  one  traffic  lane. 

Caution  should  be  employed  when  utilizing  an  alert  system  to  warn 
of  impending  ice  or  frost  conditions  on  bridge  decks.  Many  states, 
through  loss  of  their  sovereign  immunity,  may  be  held  liable  for 
systems  that  do  not  properly  activate  signs  or  other  warning  devices 
when  they  should.  Experience  with  some  sensors  have  shown  that  the 
alert  to  a  maintenance  station,  may  in  fact  be  false,  thus  unnecessary 
costs  are  generated  to  control  a  hazardous  condition  which  does  not 
exist. 

Equipment 

This  section  summarizes  the  basic  types  and  corresponding 
characteristics  of  equipment  used  for  snow  and  ice  control  on  highways. 
Field  experience  with  the  use  of  various  types  of  equipment  where 
reported  is  also  included.  One  of  the  more  significant  aspects  of 
equipment  allocation  for  any  maintenance  activity  is  the  corresponding 
"rental  rates"  and  what  criteria  is  used  to  establish  these.  The  rental 
rates  typifying  states'  procedures  will  be  summarized.  A  general 
discussion  of  helpful  and  money  saving  ideas  that  have  been  tried  and 
proven  will  be  discussed  in  hopes  other  highway  maintenance  operations 
may  find  them  implementable. 

A  general  summary  of  equipment  deployed  [36]  for  snow  and  ice 
control  has  been  presented  in  NCHRP  #42.  This  report  summarized 
that  in  the  northern  part  of  the  United  States,  the  number  of  equipment 
units  varies  with  the  intensity  of  snowfall  and  wind  conditions  experi- 
enced in  that  area.  Exclusive  of  snow  removal  units,  there  is  a 
practice  of  assigning  one  truck,  usually  in  the  2.27  to  2.72  metric  ton 
(2-1/2  to  3  ton)  class  for  each  64.37  lane  kilometer  (40  lane-miles) 
of  highway  and  interchange  maintained.  A  pickup  truck  usually  is 
assigned  for  use  by  the  foreman  and  for  patrolling  the  section  for 
emergency  removal  of  debris  from  the  traveled  way  or  other  emergency 
use. 

The  use  of  two-way  radio  communication  for  maintenance  management 
is  almost  universal.  Only  two  states  indicated  that  radios  were  not  in 
use  in  maintenance  equipment. 

For  replacement  of  equipment,  two  methods  seemed  to  be  most 
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frequently  employed.  The  first  merely  established  a  criterion  of  age, 
mileage  or  both,  for  the  several  classes  of  trucks  and  passenger  cars. 
The  age  and  mileage  factor  varies  from  state  to  state,  but  is  generally 
expressed  in  number  of  years  in  use  or  number  of  miles  operated, 
whichever  comes  first. 

The  second  method  of  determining  time  for  disposal  of  cars  and 
trucks  is  on  the  basis  of  age,  mileage,  condition,  and  expert  opinion 
of  the  equipment  personnel,  or  some  combination  of  these  factors.  Cost 
records  are  generally  consulted  as  a  further  basis  of  decision.  In 
this  method,  a  determination  is  made  for  each  individual  car  or  truck 
under  consideration.  The  evaluation  is  done  by  personnel  in  the  district 
or  division  and  reviewed  at  the  central  office  level. 

The  evaluation  method  for  replacement  of  equipment  is  used  quite 
generally  for  maintenance  equipment  other  than  passenger  cars  and 
trucks.  However,  there  is  great  variation  in  the  availability,  accuracy, 
and  use  made  of  operation  cost  records  for  equipment. 

Equipment  use  on  maintenance  work  generally  is  charged  to  the 
maintenance  fund  through  a  system  of  rental  rates  established  on  a 
statewide  basis.  Rates  are  based  on  time  used  or  kilometers  (miles) 
operated.  The  items  used  in  the  makeup  of  rental  rates  usually  include: 
depreciation,  direct  operating  cost,  direct  repair  cost,  indirect  repair 
cost  and  expendable  parts  costs.  Salvage  value  and  other  items,  such 
as  insurance  premiums,  also  are  given  consideration  in  a  few  states. 

There  is  considerable  variation  from  state  to  state  in  the  way  in 
which  rental  time  is  determined.  Time  for  which  equipment  charges  may 
or  may  not  be  made  include: 

•  Equipment  in  preparation  for  work: 

-  Cleaning,  fueling,  adjustments 

-  Moving  to  point  of  dispatch  (mobilization) 

•  Equipment  in  transit  from  dispatch  point  to  job  site: 

-  Short  distances  to  job  site 

-  Long  distances  to  job  site 

•  Operating  time: 

-  Field  standby  time  between  several  jobs 

-  In  transit  from  job  site  to  job  site 

•  Downtime  for  servicing  or  repair  on  the  job: 

-  Maintenance  servicing 

-  Field  repairs 

In  a  number  of  states,  special  maintenance  equipment  is  designed, 
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assembled,  and  placed  in  service  by  maintenance  equipment  shop  personnel. 
However,  too  often  the  development  of  useful  devices  is  not  passed  on 
within  the  organization  so  that  the  improvement  may  receive  the  fullest 

use. 

There  are  snow  removal  vehicles  and  there  are  conventional  trucks 
fitted  with  snow  plows.  The  two  are  not  necessarily  the  same  [133], 

In  selecting  equipment  for  snow  removal,  the  vehicle  should,  if 
possible,  be  selected  with  its  major  end  use  in  mind.  If  it  is  snow 
removal,  then  the  vehicle  should  be  classified  as  an  emergency  vehicle 
in  that  it  should  reflect  an  ability  to  perform  efficiently  and  reliably. 

In  a  conventional  truck,  gross  vehicle  weight  is  the  yardstick 
used  to  classify  the  vehicle.  Snow  removal  vehicles  cannot  realisti- 
cally use  this  figure  for  total  evaluation.  Horsepower  is  related  to  GVW 
and  is  the  measure  of  the  ability  of  a  vehicle  to  overcome  grade,  rolling, 
and  wind  resistance  as  well  as  move  a  load  over  a  comparatively  flat, 
dry  surface.  GVW  is  the  load-carrying  capacity  of  the  vehicle  in 
question  and  has  little  relation  to  snow  removal  capability. 

Snow  removal  vehicles  may  not  carry  weight,  but  move  a  load  by 
displacement.  The  weight  of  the  vehicle  is  important;  so  is  axle 
capacity.  But,  these  must  be  translated  into  tractive  effort,  or  that 
ability  to  exert  a  forward  pushing  force  by  the  tires  against  the  ground. 

This  is  not  to  say  that  a  snow  removal  vehicle  cannot  have  a  dual 
capability.  Dump  bodies  which  contain  ballast  during  the  snow  removal 
season  should  be  usable  for  general  hauling  during  summer  months.  The 
only  exception  is  the  rotary  plow,  with  its  rear-mounted  auger  driving 
engine. 

Four  areas  must  be  examined  in  the  selection  of  any  snow  removal 
vehicle  --  regardless  of  size  or  type.  The  first  is  the  basic  ability 
of  the  vehicle  to  move  snow.  Questions  which  must  be  considered  are 
how  much  snow  must  be  moved;  in  what  time  span;  and  at  what  speeds. 

The  second  point  which  should  be  considered  is  that  of  reliability. 
Here,  the  total  vehicle  should  be  evaluated  in  those  areas  which  see 
the  greatest  amount  of  stress  in  snow  removal  work.  These  areas  include 
the  frame,  axles,  transmission,  clutch,  transfer  case,  and  differentials. 

The  third  point  to  consider  is  that  of  durability.  Snow  removal 
equipment,  as  specialized  equipment,  represents  a  higher  initial  cost 
and  the  total  life  cycle  of  the  vehicle  becomes  extremely  important. 
If,  by  proper  selection  of  equipment,  additional  years  of  service  life 
are  obtained,  the  overall  cost  may  be  reduced. 

The  final  point,  economy,  has  a  relationship  to  durability,  but 
also  includes  maintenance  which  can  increase  costs  dramatically  if 
additional  equipment  must  be  secured  or  maintained  to  keep  traffic 
flowing. 
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A  discussion  of  torque,  or  tractive  effort,  as  opposed  to  selection 
by  GVW  alone,  is  the  basis  of  selection  of  other  frame  and  drive-line 
components.  In  a  conventional  truck,  frame  and  axle  components  are 
selected  on  the  basis  of  carried  weight  and  the  frame  is  designed 
accordingly.  Drive-line  components  are  selected  then  on  the  basis  of 
horsepower  to  be  utilized  rather  than  torque  loads  to  be  absorbed. 

When  moving  snow,  forces  are  imposed  on  the  frontal  cross-section 
of  the  frame  rather  than  on  the  top.  In  addition,  side  thrust  from  the 
use  of  a  wing  plow  is  imposed  on  the  side  of  the  frame  at  some  distance 
back  from  the  front  of  the  vehicle.  At  no  time  is  the  full  GVW  rating 
of  a  vehicle  used  as  would  be  the  case  if  the  vehicle  were  carrying  a 
load.  The  only  load  carried  is  ballast,  and  that  load  is  only  that 
required  to  give  weight  on  the  driving  wheels  and  approximately  equal 
weight  distribution  on  a  4  x  4  vehicle  between  the  front  and  rear 
axles  with  the  plow  resting  on  the  ground. 

The  important  consideration  is  that  the  frame  be  designed  to 
primarily  take  severe  frontal -and  side-thrust  loads  rather  than  carried 
loads.  In  addition,  the  frame  must  be  designed  to  take  shock  loads 
caused  by  plowing  into  drifted  snow.  If  a  frame  is  designed  for 
relatively  constant  loads,  these  shock  loads  may  easily  exceed  design 
safety  margins  and  shock  loads  will  result  in  frame  damage. 

These  same  shock  loads  must  also  be  considered  in  axle  design. 
In  an  axle  rated  for  a  given  GVW,  design  consideration  is  usually 
given  to  the  load  the  axle  must  carry  under  intermittant  torque  loads. 
A  snow  removal  vehicle  is  required  to  exert  high  hub-torques  over  a 
longer  period  of  time. 

Additional  attention  should  be  given  to  suspension  design.  In  a 
conventional  vehicle,  suspension  attachment  components  are  of  that 
weight  and  design  required  to  support  a  load.  Roads  are  fairly  level 
and  the  suspension  is  rated  on  a  carried  GVW  basis.  In  snow  removal 
applications,  suspension  attachment  components  again  must  be  strong 
enough  to  transmit  high  torque,  side  thrust,  and  shock  loads  through  the 
springs  to  the  frame. 

In  some  removal  vehicles  with  rotary  plows  attached,  forward  speed 
of  the  vehicles  is  generally  slow,  but  engine  rpm  must  be  kept  high  for 
efficient  engine  operation  and  pushing  the  plow  into  heavy,  drifted  snow. 

Engine  cooling  and  radiator  selection  is  another  feature  which 
distinguishes  a  snow  removal  vehicle  from  a  conventional  truck.  A 
radiator  may  be  sized  for  a  conventional  truck  on  the  basis  of  heat 
rejection  and  ram  air  effect  of  a  fast  moving  vehicle,  and  perform  quite 
well.  However,  that  same  radiator  will  be  obstructed  by  the  plow  in  a 
snow  removal  application  with  reduced  natural  air  flow. 

An  oversized  radiator  (if  an  over-the-road  use  is  the  basis  for 
design)  is  therefore  an  asset  in  snow  removal  applications  and  not 
necessarily  an  added  expense. 
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Types  of  plows,  loaders,  rotaries,  melting  equipment  and  spreaders 
available  specifically  for  snow  and  ice  control  are  summarized  in  the 
1975  Public  Works,  Street  and  Highway  Manual  [134]. 

States,  including  Utah  and  California,  have  found  it  economically 
feasible  to  manufacture  their  own  snow  plows  for  snow  and  ice  control. 
The  benefit  of  swinging  plows,  if  desired  (by  hand  or  hydraulic)  can 
be  incorporated  into  the  design.  Also,  truck  coupling  mechanisms  can 
be  deployed  as  an  integral  part  of  the  plow;  such  as  shear  bolts,  trip- 
over  mechanism,  etc. 

Washington  State  Department  of  Highways  in  1974  evaluated  the  use 
of  rubber  snow  plow  blades  [135]  and  found  them  to  be  an  effective  and 
economical  tool  to  use  during  snow  plowing  operations,  both  for  removing 
fresh  fallen  or  slushy  snows  and  for  protection  of  raised  traffic  markers 
Washington  reported  the  rubber  snow  plow  blade  to  be  most  effective 
when  temperatures  are  near  or  slightly  above  freezing.  The  use  of 
chemicals  to  create  a  slushy  or  thawing  condition  increases  the  tempera- 
ture range  in  which  the  rubber  blade  can  be  used  effectively. 

Wr.oi  ?  ambient  temperatures  are  consistently  below  freezing,  the 
build-up  of  ice  and  compact  snow  on  the  roadway  becomes  so  hard  and 
tightly  bonded  to  the  roadway  surface  that  the  use  of  rubber  snow  plow 
blades  becomes  ineffective. 

The  optimum  downward  pressure  on  a  3  meter  (10  ft.)  rubber  blade  is 
approximately  317.5  kilograms  ^700  lbs.).  This  can  be  achieved  either  by 
by  use  of  a  light-weight  plow  or  by  modifying  standard  plows  to  relieve 
some  of  their  weight.  Weight  distribution  must  be  as  even  as  possible 
along  the  blade  length  for  effective  operation  and  to  control  the  blade 
wear. 

The  optimum  blade  exposure  is  5  to  6  centimeters  (2  to  2-1/2  in.). 
Less  exposure  slightly  increases  the  blades  ability  to  cut,  but  is 
believed  to  be  more  destructive  to  the  blades  and  roadway  surface.  More 
exposure  gives  a  tendency  to  roll  under  or  slide  over  the  snow  instead 
of  removing  it. 

Plowing  snow  with  a  properly  adjusted  rubber  blade  can  be 
accomplished  effectively  at  speeds  ranging  from  thirteen  to  40  kilometers 
(8  to  25  mi . )  per  hour. 

In  1966  rubber-tipped  snow  plow  blades  were  tried  in  Toledo, 
Canada  for  the  division  of  harbors  and  bridges  [136].  Goodyear  noted 
features  of  the  blades  as:  long  lasting,  no  gouging  or  roadways,  quick 
and  clean  removal,  safe  high-speed  runs,  less  equipment  shock,  and  lower 
maintenance  costs. 

During  the  Toledo  evaluation,  about  one-third  of  the  snow  occurred 
at  around  freezing  temperatures  (-4  to  -1°C  or  25  to  30°F)  where  it 
is  possible  to  take  advantage  of  the  "squeegee"  effect  that  results 
from  rubber-tipped  blades  with  the  result  that  we  are  salting  as  close 
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to  the  roadway  as  possible  with  greater  effect, 
faster  and  safer  plow  operation. 


They  also  allow  for  a 


Results  indicated  that  downtime  due  to  plow  damages  is  greatly 
reduced.  Also,  with  the  temperature  conditions  in  Toledo,  the  salt 
usage  was  also  reduced. 

As  a  result  of  using  the  rubber  snow  plow  blades,  the  truck  drivers 
are  experiencing  less  fatigue  as  they  had  been  before  their  use;  however, 
initially  the  reaction  to  using  rubber  tipped  blades  by  the  field 
personnel  was  that  of  reluctance,  which  is  probably  the  main  reason 
for  their  limited  use. 

A  cost  analysis  of  using  rubber  tip  blades  versus  steel  blades  [135] 
showed  the  rubber  to  be  up  to  six  times  less  expensive  than  the  steel. 
The  use  of  carbide  blades  was  found  to  be  more  cost  effective  than 
rubber  [137]. 

Typical  types  of  equipment  presently  used  for  snow  and  ice  control 
are  summarized  in  Table  25. 

TABLE  25:  TYPICAL  TYPES  OF  EQUIPMENT  PRESENTLY  USED  FOR  SNOW  AND  ICE 
CONTROL 


Trucks:   (23,000  to  39,000  GVW  Rating) 
Single  Axle  Dump  or  Hopper  Bed 
Tandem  Axle  Dump  or  Hopper  Bed 
3  Rear  Axle  Dump  or  Hopper  Bed 

Plows:   (Rubber,  Steel,  Carbide  Tipped) 
Front  Mounted  V  Type 
Front  Mounted  Reversible  or  Fixed 
Side  Mounted  Wing 
Underbody  Mounted 

Sanders:  2.29  M3  to  9.56  M3  (3  to  12-1/2  Cu. 
Hydraulic  Driven 
Hopper  (Fixed  or  Insert) 
Tailgate 

Yd.)  En 

gine  or 

Loaders:   (All  Sizes) 

Front  End  (Track  or  Pneumatic  Tire) 

Backhoe 

Belt  Type 

Miscellaneous: 

Pickup  Truck 

Rotary  Snowplows  Rotary  Attachments 

Snow  Blowers 

Graders  (May  Include  Wing  Plow) 

Crawler  Tractor 

Dozers 
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Many  states  manufacture  equipment  for  specific  needs  and  modify 
existing  equipment,  again  to  better  mesh  with  specific  needs. 

Existing  practices  in  establishing  rental  rates  for  equipment  may 
include  items  such  as:  depreciation,  purchase  cost,  repair  and  mainten- 
ance, insurance,  fuel,  accessories,  and  various  types  of  overhead. 
These  are  not  pertinent  to  states  other  than  to  themselves,  in  that  the 
cost  basis  is  not  necessarily  the  same  from  state  to  state. 

Minnesota  uses  a  specific  approach  that  allocates  equipment  based 
upon  a  need  formula.   In  essence,  the  required  number  of  single  and 
tandem  axle  dump  trucks  is  directly  related  to  lane  mileage,  number  of 
interchanges  and  cycle  time.  The  criteria  used  in  this  process  are  as 
follows  [138]: 

•  Average  net  plowing  speed  of  24  kilometers  (15  mi.)  per  hour 
(based  on  total  operating  time).  The  net  plowing  speed  is 
based  on  the  standard  time  for  one  man  plowing  operations. 

*  Cycle  time  for  interchanges  increases  to  1-1/2  times  the 
cycle  time  for  the  adjacent  mainline.  This  criteria  can  be 
satisfied  by  providing  one  truck  for  each: 

i)  1-1/2  urban  complex  interchanges 
ii)  2  urban  simple  interchanges 
iii)  4  rural  simple  interchanges 

The  procedure  for  determining  the  number  of  trucks  required  employs  the 
equation 

Nt  =     D     +NA         +NB     +Nfl         +H„  (18) 

15C  u  u  r  r 


1-1/2    2    2-1/2 


where 


N,  =  number  of  trucks  required 

D  =  distance  to  be  plowed  in  lane  miles 
15  =  average  plowing  speed  in  miles  per  per  hour 
C  =  cycle  time  in  hours 

Nfl  ,  NR  ,  Nn  ,  and  NR  =  the  number  of  complex 
u    u    r       r   (A)  and  simple  (B)  urban 

(u)  and  rural   (r)  interchanges 

Underbody  snowplows  have  been  used  successfully  in  Michigan's 
efforts  at  snow  and  ice  removal.  Here  higher  speeds  have  been  obtained 
in  plowing  snow.  One  advantage  to  their  use  in  Michigan  has  been  that 
the  underbody  plows  do  not  have  to  be  removed  for  summer  maintenance 
operations  and  fev/er  chemicals  are  required  to  remove  ice  and  hard  pack 
snow  from  the  pavement  surface  because  a  downward  pressure  may  be 
appl ied. 
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FIGURE    73!    UNDERBODY    SNOWPLOW    ON    HOIST    FOR     INSPECTION 
(Courtesy    Michigan  Department  Of  Transportation) 


FIGURE   74:UNDERB0DY    SNOWPLOW    CLOSEUP   (Courtesy  South   Dakota   Department 
Of   Transportation  ) 
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Equipment  costs  have  been  reduced  for  states  where  the  most  is 
made  of  the  ability  to  assign  equipment  a  dual  usage  function.  Total 
inventory  of  equipment  can  be  kept  to  a  minimum,  thus  support  costs 
of  storage  and  unit  equipment  maintenance  are  also  kept  to  a  minimum. 
There  are  two  fundamental  approaches  to  the  use  of  trucks  in  snow 
removal  operations.  The  first  is  to  think  of  trucks  as  emergency 
vehicles  in  that  they  are  kept  in  prime  operating  condition  for  the  one 
function  they  were  purchased,  to  perform  snow  removal,  and  none  other. 
The  second  is  to  think  of  them  in  terms  of  a  significant  dollar  invest- 
ment which  should  be  yielding  continuous  returns,  not  only  in  their 
prime  winter  maintenance  operations  but  in  other  functions  the  year 
round. 

A  number  of  trucks  in  Otsego  County,  Michigan  [193]  are  fitted 
with  snowplows  and  underbody  blades,  a  cross  between  a  motor  grader  and 
a  highway  truck.  On  one  truck  is  installed  portable  concrete  block 
weights  over  the  fifth  wheel  during  plowing  operations.  In  the  summer 
this  vehicle  is  used  to  pull  lowboys  and  haul  construction  equipment. 

Another  practice  that  reports  cost  savings  adopted  by  Idaho  [163] 
is  to  purchase  trucks  that  are  of  one  make  vehicle  for  an  entire  fleet 
[133].  Roy  Jump  reported  "tremendous  dollar  savings  to  Idaho  by 
drastically  reducing  the  stock  of  parts  in  the  warehouses." 

Closely  related  to  dual  usage  of  equipment  is  the  practice  of 
shifting  equipment  from  one  location  to  another  depending  on  work 
demand  and  time  of  year.  This  method  of  optimizing  equipment  usage 
can  be  practical  if  the  agency  has  significant  differences  in  equipment 
demand  between  stations  during  various  seasons  of  the  year.  In 
locations  where  a  vast  area  must  be  covered  and  differences  in  the 
type  of  equipment  are  needed  for  the  various  kinds  of  snow  conditions, 
it  becomes  difficult  to  shift  equipment  from  one  location  to  another. 

To  facilitate  the  use  of  mobile  equipment,  E.  J.  Kehl  in  Illinois 
issued  a  memorandum  in  1973  which  reads  in  part: 

In  the  past  winters  there  have  been  occasions  where 
reluctance  to  request  assistance  on  the  part  of  a  district 
experiencing  an  extraordinary   localized  storm  or  blizzard 
has  put  that  district  in  the  position  of  "digging  out" 
rather  than   "getting  on  top  of"  a  storm.      Under  current 
staffing,    it  is  imperative  that  every  effort  be  made  to  use 
those  resources  that  are  available  over  the  broadest  range 
during  periods  of  peak  demand. 

In  preparation  for  severe  storm  situations}    each  district 
region  is  being  asked  to  develop  a  team  of  reliable,    compentent 
maintenance  men,    equipment  operators  and  foremen  who  are 
generally  in  agreement  and  who  can  be  assigned  away  from  their 
homes  occasionally  for  several  days  without  undue  hardship  on 
their  families. 
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Personnel 

Manpower  requirements  for  snow  and  ice  control  must  be  established 
in  accordance  with  overall  needs  of  the  maintenance  function  and 
usually  cannot  be  isolated  and  reviewed  independently.  Difficulty  in 
establishing  in  advance,  the  hours  required,  the  productivity  per 
storm  and  frequency  of  storms  as  compared  to  most  other  maintenance 
activities  makes  optimizing  labor  for  snow  and  ice  control  ambiguous. 
For  these  reasons,  no  significant  works  have  been  undertaken  to 
identify  manpower  needs,  especially  in  a  public  service  activity  of 
this  type,  unlike  an  activity  that  is  production  line  or  manufacturing 
oriented. 

Therefore,  this  chapter  attempts  to  highlight  selected  states 
procedures  regarding  management  of  employees,  total  labor  costs  in 
relation  to  other  costs,  overtime,  overhead  and  the  relative  cost 
effectiveness  of  unions.  With  an  acute  awareness  of  the  percentage  of 
snow  and  ice  control  funds  that  go  to  labor,  possible  procedures  used 
in  management  by  different  states  can  help  others  to  utilize  present 
manpower  resources  more  efficiently. 

Personnel  training  is  one  method  of  improving  the  efficiency  of 
employees. 

Maintenance  employees  typically  feel  a  keen  obligation  to  the 
traveling  public,  including  a  kind  of  "esprit  de  corps"  that  comes  only 
with  training  and  experience  [141 ].  Proper  training  for  maintenance 
personnel  is  vital.  It  gives  people  the  know-how  to  get  the  job  done, 
encourages  performance  in  a  way  that  brings  praise  rather  than  discredit 
to  your  organization.  Adequate  training  should  ensure: 

•  Equipment  operators  fully  understand  how  to  operate  and 
maintain  plows,  spreaders  or  loaders. 

•  That  all  employees  are  thoroughly  familiar  with  their 
responsibil ities. 

•  That  all  employees  receive  a  full  review  of  snow  removal 
schedules,  describing  the  beginning  and  end  of  each  section 
and  personnel  and  equipment  assigned. 

•  That  dry  runs  are  made  over  areas  to  be  covered  during 
actual  snow-fighting  operations. 

•  That  all  employees  understand  how  deicing  materials  work  to 
melt  or  combat  ice  so  they  know  how  and  when  it  is  best 
appl ied. 

Training  of  personnel  should  include  lectures  and  practice  sessions 
(operations)  to  familiarize  all  personnel  with  planned  operations:  the 
geographical  areas  to  be  covered;  the  problems  to  be  expected;  the 
desired  results  from  each  workman  and  crew.  (Question  and  answer 
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sessions  may  prove  beneficial).  Also,  part  of  this  training  should 
include  discussion  and  guidelines  for  discipline  and  courtesy  toward 
the  motoring  public. 

In  fall  training  sessions,  discuss  each  type  and  class  of  equipment 
men  will  operate.  Go  over  the  strengths  and  weaknesses  of  each.  Describe 
performance  capabilities,  load  and  weight  limits,  specifications,  safety 
considerations,  attachments  and  modifications. 

If  possible,  assign  each  operator  to  a  specific  piece  or  combination 
of  equipment.  Man  and  machine  make  a  better  team  when  they  work  together 
consistently.  The  feeling  that  a  vehicle  "belongs"  will  make  an  operator 
show  more  responsibility  for  its  upkeep. 

In  large  organizations,  it  may  be  necessary  to  switch  operators 
from  one  piece  of  equipment  to  another.  Then  you  must  depend  on  a 
system  of  checks  to  insure  that  equipment  is  properly  operated  and 
maintained. 

A  session  on  snow  and  ice  removal  well  ahead  of  winter  provides 
a  chance  to  discuss  plans  with  the  people  expected  to  carry  them  out. 

Promote  give  and  take  at  the  fall  meeting.  Encourage  all  personnel 
to  speak  up.  New  ideas  and  better  tactics  can  come  out  of  this  session. 

One  key  to  proper  shift  arrangement  is  the  amount  of  snowfall  and  its 
duration  [140].  Generally,  if  the  typical  duration  of  a  storm  is  ten 
to  twelve  hours  a  suitable  shift  arrangement  may  be  obtained  by  calling 
operators  in  as  they  are  needed  after  normal  working  hours.   If  the  storm 
duration  is  typically  fifteen  hours  or  more,  an  alternate  shift  arrange- 
ment might  be  best.  One  such  arrangement  is  made  by  splitting  the 
normal  staff  in  half  at  the  start  of  a  severe  storm  and  establishing 
two,  12  hour  shifts. 

In  areas  of  intense  snowfall  and  prolonged  snowstorms  it  may  be 
advantageous  to  retain  the  splitshift  as  the  normal  arrangement  during 
the  winter  months.  Use  of  this  splitshift  arrangement  requires  depend- 
able weather  forecasting  sources. 

Selected  practices  of  selected  states  in  combating  snow  and  ice 
are  provied  in  the  Appendix.   (Page  208)  Annual  publications  [192] 
provide  data  on  various  states'  staffing  for  highway  maintenance  and 
their  breakdown  according  to  worker,  foreman,  etc. 
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CHAPTER  IV 

Traffic  and  Safety 


by:  Bob  H.  Welch,  Roger  M.  Stewart 
Dr.  Will iam  J.  Kennedy 


Introduction 

A  significant  effort  in  terms  of  both  manpower  and  financial 
resources  is  expended  annually  by  the  several  levels  of  government 
on  snow  and  ice  control  programs  [153].  Justification  for  these  large 
expenditures,  which  are  as  high  as  33  percent  of  highway  maintenance 
budgets  on  environmental  weather  conditions  that  exist  only  four  to 
eight  percent  of  the  year,  has  traditionally  been  granted  through 
improved  road  user  benefits.  The  most  common  road  user  benefits 
claimed  have  been  increased  safety  and  decreased  traffic  delay, 
particularly  in  urban  areas.  These  benefits  are  the  most  easily 
recognized  and  are  apparent  immediately  during  snow  conditions. 
Changing  the  level  of  service  or  level  of  effort  for  snow  and  ice 
control  have  immediate  and  sometimes  measurable  effects  on  delay, 
altered  traffic  volumes,  traffic  congestion,  public  acceptance  and 
newscast  attention.  After  a  storm  impact  period,  the  return  to 
normal  traffic  flow  conditions  is  relatively  soon  compared  to  the 
impact  recovery   time  for  bridge  decks,  highway  appurtenances  vehicle 
corrosion,  the  environment  and  alternations  required  by  maintenance 
departments.  It  has  traditionally  been  assumed  that  the  economic 
effects  from  snow  and  ice  control  practices  to  non-road  users  are 
negligible  compared  to  those  experienced  by  road  users.  In  terms  of 
benefits,  this  is  probably  true.  A  study  undertaken  by  the  American 
Public  Works  Association  [J_42]  to  formulate  a  methodology  for  snow 
and  ice  control,  resulted  in  a  marginal  analysis  which  permits  the 
comparison  of  the  economic  merits  of  varying  levels  of  expenditures 
for  ice  and  snow  removal.  All  of  the  potential  benefits  to  a 
community  were  examined  before  developing  the  analysis,  but  as 
finally  outlined,  the  major  benefits  were  attributed  to  the  road  users. 

In  reality,  there  are  many  savings  in  vehicular  operating  costs 
produced  by  improved  highways  through  higher  levels  of  snow  and  ice 
control.  For  automobiles,  such  savings  are  generally  converted  to 
time  savings  by  driving  at  increased  speeds  with  a  probable  increase 
in  fuel  and  tire  costs  [143].  Time  savings  or  time  losses  associated 
with  snow  and  ice  maintenance  may  be  valued  within  a  marketable 
concept  and  should  not  be  handled  in  the  same  way  as  tangible  costs 
or  savings  such  as  fuel  consumption.  Measurements  of  the  value  of 
time  must  always  be  averages,  and  generally  rather  unstable  ones  [1_43]. 
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Time  has  different  value  to  different  persons,  and  to  the  same  person 
on  different  occasions. 

It  is  also  held,    and  generally  acknowledged,    that 
minute  time  savings  are  of  less  unit  value   than   time  savings 
of  considerable  amount.      For  a  million  persons   to  save  one 
minute  out  of  an  hour's   trip  does  not,    so  it  is  said, 
produce   the  same  dollar  savings  as   100,000  persons  making  a 
10-minute  savings  in  an  hour.      While  the  truth  of  this 
proposition  seems  obvious  at  the  extremes ,    there  is  some 
evidence  that  many  motorists  behave  as  if  minute  time  savings 
were  a  major  objective.      The  active  and  aggressive  driver 
continually  tries   to  pass  the  cars  ahead  of  him,    although 
the  net  result  may  be  only  a  few  minutes  or  a  few  seconds 
saved  in  a  trip  of  considerable   length   [143] . 

Road  user  benefits  from  snow  and  ice  control  activities  may  justify 
present  or  accelerated  expenditures  but  the  relationships  between  road 
user  benefits  and  expenditures  need  to  be  defined  in  much  greater 
detail  than  is  currently  available. 

In  this  chapter,  a  review  of  work  that  has  been  undertaken  to 
quantify  road  user  benefits  from  snow  and  ice  control  is  presented. 
Road  user  benefits  reviewed  represent  safety  characteristics,  delay, 
tardiness,  absenteeism,  production  or  manufacturing  loss,  convenience 
and  comfort. 

Reduced  Volumes 

The  interaction  between  people  and  space  has  been  studied  by 
economists,  demographers,  sociologists,  planners  and  others.  Many 
factors  affect  the  movement  or  interaction  of  persons  and  things  in 
space.  The  various  factors  can  be  categorized  as;  a  generating  factor 
related  to  the  individual  trip-maker  and  his  willingness  to  travel,  an 
attraction  factor  related  to  the  importance  (or  utility)  of  the 
particular  destination,  and  a  linkage  factor  related  to  the  difficulty 
(or  cost)  of  moving  from  the  origin  to  the  destination  [144]. 

Traveler  behavior  relates  to  descriptions  and  understanding  of  how, 
and  in  response  to  what,  travelers  believe.  A  considerable  body  of 
theoretical  and  empirical  knowledge  or  belief  on  the  subject  already 
exists  [145].  For  example,  one  economic  theory  of  travel  behavior 
considers  most  travel  to  be  an  intermediate  good  that  must  be  consumed 
at  some  monetary  and  psychological  cost  to  the  traveler  in  order  to 
derive  equal  or  greater  benefits  in  kind  from  activities  indulged  in 
at  the  trip  destination.  The  response  of  travelers  to  travel  cost  and 
destination  opportunity  "choices"  will  vary  depending  on  the  character- 
istic of  the  behavioral  units.  Definition  of  the  attributes  of  the 
choices  in  terms  of  appropriate  transportation  system  costs  and 
destination  opportunities  and  a  definition  of  appropriate  behavioral 
units  are  yet  to  be  made. 
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In  particular,  the  decrease  in  traffic  movement  generated  as  a 
result  of  adverse  environmental  conditions  is  virtually  unexamined. 
In  analyzing  certain  characteristics  of  accident  rates,  the  notion  of 
reduced  volumes   related  to  numbers  of  accidents  is  only  mentioned  for 
snow  and  ice  conditions;  the  identification  or  attempt  to  identify 
how  severly  traffic  volumes  are   reduced  has  not  been  undertaken. 

Economic  anlayses  associated  with  snow  and  ice  conditions  do  not 
take  into  account  the  reduction  of  vehicle  volumes  caused  by  destination 
opportunities  not  attractive  enough  to  warrant  generation  of  the  trip. 
This  omission  may  significantly  affect  economic  analyses. 

Traffic  volumes  on  individual  roadway  segments  do  not  always 
decrease  since  some  people  alter  normally  chosen  routes  when  traveling 
on  snow  or  ice  covered  roads.  Particularly  in  urban  areas  where  route 
alternatives  are  available,  the  motorist  often  chooses  new  routes  not 
normally  taken,  thus  affecting  any  economic  analysis  using  ADT  values 
for  traffic  volumes. 

Safety 

The  general  assumption  has  always  been  that  snow  and  ice  on  high- 
ways causes  accidents.  There  are  a  number  of  reasons  for  this 
assumption.  Ice  and  snow  reduce  the  coefficient  of  friction  between 
the  pavement  and  automobile  tires  making  maneuvering  of  the  vehicle 
very   difficult  and  occassionally  impossible.  While  snow  is  falling, 
visibility  can  also  be  severly  reduced.  Ice  is  not  always  apparent  to 
the  motorist  and  is  not  uniform  so  that  the  driver  is  not  always 
prepared  when  he  encounters  an  icy  section  of  roadway.   Preferential 
icing  of  bridge  decks  can  be  especially  dangerous  due  to  the  drivers' 
possible  unawareness  of  the  situation. 

The  factors  would  seem  to  strengthen  the  argument  that  salt  saves 
lives.  Unfortunately,  the  actual  degree  to  which  these  factors 
influence  safety  is  unknown.  Also,  there  may  be  some  positive  safety 
aspects  of  snow.  During  heavy  snow,  traffic  is  reduced  severely; 
possibly  reducing  the  total  number  of  accidents  even  though  the  accident 
rate  may  be  higher.  This  reduction  in  traffic  can  cause  a  great 
reduction  in  mobility  and  subsequent  economic  losses. 

The  American  City  Magazine  conducted  a  survey  of  cities  on  the 
subject  of  the  use  of  deicing  salt  [146], 

Two  of  the  questions  asked  in  the  survey  related  snow  and  deicing 
salt  use  to  accidents.  One  question  asked:  how  many  accidents  occurred 
on  snow-covered  streets  versus  streets  treated  with  deicing  materials? 
Of  the  fourteen  cities  that  provided  responses,  all  had  a  high  percent- 
age of  accidents  occurring  on  untreated  streets.  These  figures,  however, 
cannot  be  considered  conclusive  since  the  sample  size  is  small  and  the 
range  of  percentage  of  accidents  on  these  roads  changes  during  normal 
conditions  or  what  the  traffic  distributions  are  during  inclement  and 
normal  weather  conditions. 
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The  Environmental  Association  of  Otesego  and  Delaware  Counties 
(State  of  New  York)  conducted  a  study  of  the  effects  of  deicing  salts 
on  safety  and  the  environment  using  existing  accident  records  from 
various  county  and  state  records  [147].  These  records  were  divided 
by  location,  high  and  low  salt  usage  areas  and  compared  on  the  basis  of 
safety.  This  report  concluded  that  an  accurate  determination  of  the 
safety  effects  of  deicing  salts  could  not  be  made  using  the  data 
available.  The  data  did  show  an  increase  in  accidents  during  the 
winter  months  and  a  less  substantial  increase  in  accidents  in  town- 
ships using  deicing  salts.  But  the  data  available  does  not  take  into 
account  the  other  variables  that  can  affect  accidents  such  as  traffic 
volumes,  traffic  distributions  and  actual  weather  conditions. 

According  to  the  National  Safety  Council's  "Accident  Facts," 
there  has  been  no  change  in  the  proportion  of  all  crashes,  including 
injury  and  fatal  crashes  occurring  on  snow-or-ice-covered  roads  from 
1956  to  1970,  despite  the  several-fold  increase  in  total  salt  usage  of 
33  states  using  deicing  salts,  since  1956  [148]. 

The  extent  to  which  highway  accidents  have  decreased  in  response 
to  engineering  improvements  has  not  been  properly  accounted  for  as 
regarding  (a)  improvements  in  the  design  of  automobiles,  (b)  improve- 
ments in  tire  quality  and  efficiency,  (c)  improvements  in  driver 
performance  resulting  from  expanded  driver  education  programs,  and 
(d)  improvements  in  highway  design,  engineering  and  construction  [149]. 
Salt  spray  splashed  on  an  automobile  windshield  may  create  a  semi- 
opaque  white  film  which  can  substantially  reduce  visibility  [150]. 
Many  of  the  safety  benefits  to  be  derived  by  the  highway  users  may  also 
be  enjoyed  by  the  maintenance  crews  when  they  are  performing  their 
work  [1 51 ]. 

Preferential  icing  of  bridge  decks,  a  well-known  safety  hazard, 
refers  to  the  formation  of  ice  on  a  bridge  deck  at  times  when  the 
approaches  become  merely  wet  or  even  dry.  The  accident  potential 
(safety  hazard)  is  thought  to  be  yery   high  because  it  represents  a 
local  hazard  that  traffic  encounters  without  warning  under  otherwise 
normal  conditions.  Obviously,  economic  considerations  dictate 
different  solutions  when  counter-measure  is  likely  to  be  used  only  once 
a  year  or  when  it  is  needed  frequently,  or  when  the  skidding  accident 
experience  is  high  because  of  either  traffic  density  or  road  geometry 
[152] . 

The  important  traffic  problems  associated  with  snow  on  roads  are 
caused  by  decrease  of  visibility,  the  difficulty  of  snow  removal  work, 
and  the  slippery  conditions  of  the  road  surface.  Powder  snow  remains 
in  the  air  for  a  long  time  after  a  car  has  passed  by  making  visibility 
poor.  Drivers  of  following  cars  have  trouble  seeing  the  direction  of 
the  road  [153]. 

The  American  Public  Works  Association  [154]  evaluated  the  effect 
of  snow  storms  on  accidents  in  Chicago  and  reported; 
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It  should  be  noted  with  regard  to  storm-related  accident 
costs  that  white  a  more  severe  winter  will  generally  result  in 
a  higher  incidence  of  accidents,    this  relationship  does  not 
always  apply  to  specific  storms.      The  worst  storm  for  accidents 
in  the  winter  studied  was  a  half-inch   [about  1   cm\  storm  on  a 
Friday ,   although  there  were  a  number  of  heavier  storms  on  week- 
days.     In  very  heavy  storms,    traffic  volume  may  be  sharply 
reduced  and  the  total  number  of  accidents   lower  than  normal. 
Nevertheless,    the  accident  rate  will  usually  be  significantly 
higher.      Generally ,    however ,    the  total  number  of  accidents  on 
urban  streets  rises  sharply  during  and  immediately  following 
winter  storms.      It  is  interesting  to  note  how  the  severity 
varied  in  the  accidents  studied.      luring  a  snow  storm,   almost 
one  out  of  three  accidents  results  in  a  personal  injury 
(including  fatalities)   when  the  pavement  is  wet,   but  only  one 
out  of  ten  results  in  personal  injury  if  the  pavement  is 
covered  with  snow.      The  ratio  is   two  in  ten  for  clear  weather 
and  dry  pavements .      In  clear  weather  the  same  situation  pre- 
vails,   severity  is  up  on  wet  pavements  and  lower  on  snowy 
pavements.      This  seems  to  indicate  that  the  driving  public  is 
aware  of  the  danger  of  snowy  and  icy  streets  and  slows  down, 
but  is  not  sufficiently  aware  of  the   loss  of  traction  on  wet 
pavements . 

California  [155]  reviewed  accidents  while  studying  their  bare 
pavement  policy.  Accident  experiences  were  evaluated  for  three 
fiscal  years.  This  report  concluded: 

Accident  rates  for  snow  and  ice  conditions  could  not  be  deter- 
mined because  the  information  quantifying  the  time  of  winter  weather 
and  when  snow  and  ice  were  on  the  pavement  was  not  available.  There- 
fore, the  accident  data  was  retrieved  from  the  computer  in  two  groups 
group  one  included  accidents  with  snow  and  ice  on  the  pavement,  and 
group  two,  accidents  with  no  snow  and  ice  on  the  pavement. 

Due  to  the  large  number  of  highway  routes  and  accidents  the 
analysis  was  limited  to  the  routes  in  highway  districts  with  the 
largest  amount  of  snow  and  ice  removal  expenditures.  The  highway 
routes  were  classified  according  to  their  1973-74  winter  ADT  and  the 
number  of  accidents  with  snow  and  ice  on  the  pavement  were  analyzed. 

This  analysis  indicated  that  highways  with  1973  winter  ADT's 
below  800  had  yery   few  accidents.  This  would  imply  that  accidents 
would  not  be  considered  a  factor  in  the  review  of  snow  and  ice  re- 
moval policies  for  these  highways.  Even  with  winter  ADT  between  800 
and  2000,  the  number  of  accidents  is  within  an  "acceptable  range." 
However,  there  are  exceptions,  where  the  weekend  ADT  is  greater  than 
2000.  Approximately  50%  of  the  accidents  occur  during  that  time. 
These  routes'  primary  function  was  to  service  skiing  areas.   In  the 
portion  of  the  study  evaluating  highways  with  an  ADT  greater  than 
2000,  the  following  was  noted: 
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•  Accident  rates  for  1973-74  dropped  noticeably  from  the 
1972-73  ratio  due  to  the  energy  crisis  and  less  travel 
and  also  the  reduced,  90  kilometer  per  hour,  (55  mile 
per  hour)  speed  limit. 

•  Accidents  increased  with  an  increase  in  ADT  for  similar 
roadways. 

•  Higher  accident  rates  were  noted  at  approaches  to 
vertical  summits. 

•  Higher  accident  rates  were  noted  on  sections  of  highway 
with  substandard  geometries. 

The  California  investigation  noted  that  a  snow  belt  crosses  Route 
5  from  approximately  Dunsumir  to  north  of  Weed  west  of  Mount  Shasta 
resulting  in  snow  storms  up  to  forty-one  centimeters  (16  inches) 
in  depth  and  seasonal  depth  up  to  380  centimeters  (150  inches).  This 
is  the  section  where  most  of  the  district's  snow  problems  occur  and 
result  in  the  highest  winter  accident  rates.  The  remainder  of  Route 
5  has  an  average  snow  storm  depth  from  ten  to  twenty-five  (4  to  10 
inches)  with  a  seasonal  depth  of  from  30  to  130  centimeters  (12  to  52 
inches).  Portions  of  Route  50  were  also  analyzed  for  safety  yielding 
the  following:  Traffic  on  Route  50  has  continued  to  increase  at 
approximately  five  percent,  even  with  the  energy  crisis.  The  four- 
lane  freeway  and  expressway  sections  of  Route  50  had  an  average 
accident  rate  excepting  for  the  portions  through  Placerville  and  South 
Lake  Tahoe  with  its  urban-type  development  and  the  section  with  sub- 
standard geometries  from  the  Sly  Park  Interchange  to  Riverton.  The 
two-lane  section  from  Riverton  to  Meyers  via  Echo  Summit  is  affected 
by  high  volumes  of  traffic  (especially  on  weekends)  substandard 
geometries,  1,150  centimeters  (450  inches)  of  seasonal  snowfall,  high 
elevations,  and  steep  grades,  resulting  in  winter  accident  rates  as 
much  as  5.5  times  the  summer  rates  on  the  same  section  of  roadway. 
Accidents  could  be  a  factor  if  the  level  of  service  on  this  route  was 
reduced. 

One  study  by  the  Ohio  Department  of  Highways  showed  that  35  per- 
cent of  all  rural  traffic  accidents  occurred  while  roads  were  covered 
with  snow  and  ice,  although  there  were  less  than  seven  full  days  that 
winter  when  roads  were  snow-covered.  The  loss  in  property  value  was 
approximately  three  million  dollars.  It  was  projected  that  without  the 
use  of  snow  plows  or  deicing  chemicals,  snow  and  ice  would  have 
remained  on  rural  Ohio  roads  for  more  than  40  days  causing  22,700 
accidents  and  resulting  in  $14,500,000  in  property  damage,  plus  more 
human  suffering  and  many  deaths.  In  Chicago,  the  Citizens  Traffic 
Safety  Board  reported  that  a  snowfall  of  less  than  one  centimeter 
(half-an-inch)  brings  an  accident  rate  ten  times  that  for  the  same 
hours  when  pavements  are  dry.  According  to  the  board's  study, 
Chicago's  salting  program  prevents  15,250  accidents  a  year  that  would 
cost  victims  more  than  $3.7  million.   In  28  percent  of  those  accidents, 
someone  would  be  injured  or  killed. 
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It  is  sometimes  argued  by  critics  of  deicing  salts  that  because 
drivers  tend  to  drive  more  slowly  and  cautiously  during  hazardous  icy 
conditions,  the  injury  and  mortality  statistics  would  be  lower  than  for 
bare  pavement  conditions  where  drivers  tend  to  drive  faster.  This 
rationale  ignores  the  fact  that  bare  pavement  offers  better  traction 
and,  therefore,  safer  road  conditions,  and  it  is  the  driver  rather 
than  the  bare  pavement  that  constitutes  the  hazard. 

Studies  on  highway  accidents  are  usually  geared  towards  high- 
lighting hazardous  locations  for  prioritizing  improvement  projects 
[156-165]  and  [166].  Thus  total  numbers  of  accidents,  type  of 
accidents,  environmental  conditions,  date,  etc.  are  recorded  surround- 
ing each  accident.  For  a  given  highway  segment  or  network,  no 
information  has  been  collected  regarding  the  total  vehicle  miles 
driven  for  the  corresponding  adverse  environmental  conditions.  There- 
fore, a  comparison  of  the  number  of  accidents  for  dry  versus  wet 
versus  snow  or  ice  pavements  does  not,  by  itself,  demonstrate  an 
increase  or  decrease  in  accident  rates. 

Fuel  Consumption 

Fuel  consumption  costs  are  directly  affected  by  snow  and  ice 
control  policies. 

Fuel  consumption  rates  by  automobiles,  trucks,  homes,  etc.  have 
been  studied  extensively  for  normal  conditions  and  adjusted  to  account 
for  availability,  price  and  weather  (temperatures)  [167],  For 
vehicular  gasoline  consumption  as  it  relates  to  adverse  highway  con- 
ditions, the  only  work  available  is  that  by  P.J.  Claffey  [168]  and 
[169],  In  his  articles,  a  comparison  of  fuel  consumption  between  dry 
pavements  and  ice  and  snow  covered  pavements  is  presented.  Mr.  Claffey 
studied  the  effects  of  road  surface  ice,  hard-packed  snow,  and  various 
depths  of  newly  fallen  snow  on  the  fuel  consumption  of  a  typical 
passenger  car  during  the  winter  of  1970-1971  on  a  straight,  level  test 
road  near  Ogdensburg,  New  York.  Data  on  operation  under  various 
conditions  of  ice  and  snow  were  compared  directly  with  data  from  dry 
road  operations.  The  results  given  in  this  paper  include  the  rate  of 
fuel  consumption  of  the  typical  passenger  car  in  relation  to  speed  for 
each  of  the  ice  and  snow  conditions  involved  in  the  study,  the 
straight-line  relationship  between  the  fuel  consumption  of  the  typical 
passenger  car  and  depth  of  newly  fallen  snow  for  three  running  speeds, 
and  the  factors  to  correct  dry  pavement  fuel  consumption  rates  for  the 
different  ice  and  snow  conditions  for  the  various  speeds.  The  worst 
ice  and  snow  condition  as  far  as  fuel  consumption  is  concerned  is  snow 
depth.  Fuel  consumption  will  be  50  percent  more  on  a  road  with  a 
five  centimeter  (two  inch)  snow  depth  than  on  a  corresponding  dry 
road  [168]. 

Ice  and  snow  conditions  restrict  vehicle  movement  in  a  variety  of 
ways,  depending  on  the  actual  condition  of  the  ice  or  snow  on  the  pave- 
ment. Both  ice  and  snow,  but  particularly  ice,  cause  excess  fuel 
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consumption  by  including  slippage  of  the  traction  wheels,  which  in  turn 
produces  engine  revolutions  without  corresponding  vehicle  movement. 
Both  ice,  when  it  freezes  into  shallow  ruts,  and  snow,  which  packs  down 
into  a  rough  wash-board-like  surface,  present  an  irregular  running 
surface  for  vehicles.  This  wrinkled  surface  causes  vehicles  to  consume 
extra  fuel  because  they  must  continually  climb  over  these  irregularities 
to  produce  forward  movement.  Freshly  fallen  snow  of  two  and  a  half 
centimeters  (one  inch)  or  more  in  depth  also  increases  vehicle  fuel 
consumption  because  of  the  effort  needed  to  pack  down  the  snow  under 
the  wheels  as  vehicles  move  along  and  the  necessity  to  climb  over  and 
across  ruts  left  by  other  vehicles.  All  ice  and  snow  conditions 
involve  considerable  side  throw  of  vehicles  at  speeds  above  50  kilo- 
meters per  hour  (30  miles  per  hour).  This  also  adds  to  vehicle  fuel 
consumption. 

The  test  car  was  a  1964  Chevrolet  sedan  with  a  4,638  cubic 
centimeter  (283  cubic  inch)  V-8  engine  and  automatic  transmission.   It 
weighed  1,814  kilograms  (4,000  pounds)  during  test  operations  with 
all  test  personnel  and  equipment  aboard.  This  vehicle  was  the 
principal  passenger  car  used  in  the  operating  cost  study  reported  in  a 
NCHRP  report  [169].  Engine  performance  was  satisfactory.  The  engine 
consumed  fuel  under  ideal  test  conditions  at  the  time  of  the  snow  study 
(winter  of  1970-1971)  at  about  the  same  rate  that  it  did  during  the 
1964-1967  period  when  it  was  used  for  obtaining  the  data  for  the  NCHRP 
study.  Snow  tires  of  a  good  grade  that  had  previously  been  used  for 
8,050  kilometers  (5,000  miles)  of  winter  travel  (typical  wear  of  snow 
tires)  were  mounted  on  the  traction  wheels  for  this  test  program. 

The  relationship  between  fuel  consumption  rates  and  vehicle 
speeds  for  passenger  car  operation  on  roads  with  the  various  ice  and 
snow  conditions  are  illustrated  in  Figure  75.  Curve  A  represents  the 
fuel  consumption  for  the  test  vehicle  operating  on  dry  pavement.  Data 
for  this  curve  were  obtained  by  operation  at  ambient  temperatures  higher 
than  those  encountered  during  the  ice  and  snow  test  conditions  (40°F 
compared  to  25°F  to  30°F).  Test  operations  were  carried  out  at  speeds 
up  to  95  kilometers  per  hour  (60  miles  per  hour)  on  bare  pavement,  on 
ice-covered  roads,  and  for  snow  depths  up  to  one  and  one-fourth 
centimeter  (1/2  inch).  However,  for  snow  depths  greater  than  .85 
centimeter   (1/3  inch),  maximum  test  speeds  were  limited  to  80  kilo- 
meters per  hour  (50  miles  per  hour)  largely  because  of  the  severe  side 
throw  drivers  encountered  in  deeper  snow  when  traveling  at  high  speeds. 

The  excess  fuel  consumed  for  stop-and-go  cycles  on  very  slippery, 
hardpacked  snow  and  ice  (condition  1)  was  found  to  be  0.03  and  0.06 
liters  (0.008  and  0.017  gallons)  per  stop  at  50-  and  80-kilometer  per 
hour  (30-  and  50-miles  per  hour)  running  speeds  respectively.  These 
values  are  close  to  those  observed  for  stop-and-go  cycles  on  dry  pave- 
ment; 0.04  and  0.06  liters  (0.010  and  0.017  gallons)  per  stop.  However, 
the  excess  time  consumed  for  stop  cycles  at  50  and  80  kilometers  per 
hour  (30  and  50  miles  per  hour)  are  approximately  50  percent  greater  on 
ice-  and  snow-covered  pavement  than  on  dry  pavement.  Apparently,  any 
extra  fuel  consumption  due  to  slipping  on  the  ice  during  the 
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FIGURE  75:  FUEL  CONSUMPTION    RATES   OF    A 
PASSENGER   CAR   FOR  VARIOUS  ICE    AND    SNOW 
CONDITIONS   (168) 


acceleration  portion  of  the  stop  cycle  is  compensated  for  by  reduced 
consumption  due  to  lower  acceleration  on  ice. 

The  curves  of  Figure  75  show  that  the  ice  and  snow  condition 
having  the  most  severe  effect  on  passenger  car  fuel  consumption  is 
newly  fallen  snow.  Even  as  little  as  one  and  one-fourth  centimeter 
(1/2  inch)  of  snow  (curve  3)  will  induce  fuel  consumption  rates 
greater  than  either  a  very   slippery,  hard-packed  snow  surface 
(curve  1 )  or  a  less  slippery,  but  bumpy,  wrinkled  surface  (curve  2). 
Curves  3,  4,  5,  6  and  7  give  the  fuel  consumption  rates  for  road 
conditions  that  are  identical  except  for  snow  depths,  which  are 
0.81,  1.91,  2.54,  9.58,  and  5.08  centimeters  (1/2,  3/4,  1,  1-1/2,  and 
2  inches)  respectively.   It  is  evident  from  Figure  75,  however,  that 
all  roads  with  ice  or  snow  or  both,  whether  principally  slippery, 
rough,  or  snow-covered,  produce  a  substantial  increase  in  passenger 
car  fuel  consumption  compared  to  operation  on  dry  pavement. 

The  curves  of  snow  depth  versus  passenger  car  fuel  consumption 
for  50-,  65-,  and  80  kilometer  per  hour  (30-,  40-,  and  50-miles  per 
hour)  running  speeds  are  illustrated  in  Figure  76.  These  curves 
indicate  that  the  effect  of  snow  depth  on  fuel  consumption  increases 
with  increases  in  speed.  The  principle  reasons  for  this  increase  are 
the  side  throw  and  rough  handling  experienced  by  drivers  traveling  at 
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high  speed  over  the  ruts  left  in  a  fresh  snowfall  by  other  vehicles 
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FIGURE  76:  RELATIONSHIP  BETWEEN  SNOW 
DEPTH  AND  RATE  OF  FUEL  CONSUMPTION 
OF  PASSENGER   CARS   (168) 


Table  26  gives  correction  factors  to  adjust  passenger  car  fuel 
consumption  rates  on  dry  pavement  for  operation  when  the  road  surface 
is  covered  with  ice  and  snow.  If  the  dry  surface  fuel  consumption 
rate  of  a  particular  type  of  automobile  (or  of  passenger  cars  in 
general)  is  known  for  travel  on  a  road  having  given  geometries,  the 
fuel  consumption  when  the  road  is  covered  with  any  of  a  variety  of 
snow  or  ice  conditions  may  be  found  by  multiplying  by  the  appro- 
priate correction  factor  from  Table  26.  Dry  pavement  fuel  consump- 
tion rates  should  be  corrected  for  temperature  before  applying 
correction  factors  for  snow  conditions  [168]. 
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TABLE  26:  CORRECTION  FACTORS  TO  ADJUST  PASSENGER  CAR  FUEL 
CONSUMPTION  FOR  ICE  AND  SNOW  CONDITIONS  [168] 


Very 

Hard-Packed 

New  Snow  on 

Speed 

Dry 

SI ippery 
Hard  Packed 

Snow  on  Ice 
With  Bumpy 

Hard- 

Packed 

Snow  (in.) 

(mph) 

Pavement 

Snow 

Surface 

1/2 

3/4 

1 

1-1/2   2 

20 

1.00 

1.23 

1.30 

1.36 

1.43 

1.47 

1.51   1.60 

30 

1.00 

1.16 

1.20 

1.28 

1.32 

1.35 

1.45   1.54 

40 

1.00 

1.11 

1.14 

1.20 

1.23 

1.28 

1.40   1.48 

50 

1.00 

1.06 

1.10 

1.12 

1.18 

1.24 

1.34   1.45 

60 

1.00 

1.04 

1.08 

1.10 

- 

- 

- 

Note:  Correction  factors  are  designed  to  be  applied  to  values  in  Table 
6  of  NCHRP  Report  111.  They  may  however,  also  be  applied  to 
any  valid  passenger  car  fuel  consumption  rates  for  operation  on 
dry  pavement. 


Delay 

Inclement  weather  conditions  such  as  those  resulting  from  snow  and 
ice  covered  pavements  increase  the  time  of  travel  of  motor  vehicles  on 
a  given  highway  segment.  The  travel  time  during  inclement  weather  must 
be  compared  to  the  normal  time  for  a  given  highway  trip.  Normal  trip 
times  have  been  related  to  type  of  highway,  volume  and  capacity  ratios, 
sight  distance,  time  of  day  plus  many  more  variables  [170] .  The 
quantitative  effects  of  snow  and  ice  on  increased  travel  times  have 
not  been  precisely  defined,  although  the  corresponding  economic  value 
of  the  increased  time  delay  has  been  investigated. 

The  economic  value  of  time  delay  on  a  highway  segment  resulting 
from  snow  and  ice  is  tempered  by  several  variables,  including;  type  of 
vehicles,  normal  time  delays,  trip  purpose,  time  of  day,  and  increased 
fuel  consumption. 

A  detailed  review  of  normal  highway  operating  speeds  is  not 
included  since  this  project  emphasizes  the  change  from  normal  operating 
speeds  or  times  as  a  result  of  snow  weather  conditions.  For  a  given 
highway  segment  or  network,  the  evaluation  of  normal  traffic  flow 
conditions  may  be  measured  directly  and  does  not  have  to  be  projected 
as  would  be  the  case  when  considering  investments  for  highway  improve- 
ment or  construction  projects. 

From  the  APWA  study  [142],  "storm  speed  factors"  have  been 
developed,  and  take  into  account  duration  of  the  storm,  rate  of  snow- 
fall, temperatures  above  or  below  -4°C  (25°F)  and  total  snow  depth. 
Figure  77  illustrates  impact  of  a  1  1/4  centimeter  (1/2  inch)  snow 
storm,  above  -4°C  (25°F)  at  snowfall  rates  of  1.27,  0.42,  0.21 
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centimeter  (1/2,  1/6  and  1/12  inches)  per  hour.  These  charts  represent 
urban  average  speed  factor  reductions  for  the  storm  period. 

In  the  "Urban  Snow  Hazard:  Economic  and  Social  Implications" 
[186],  the  APWA  charts  were  used  to  evaluate  costs  of  storm  related 
traffic  delays.  The  storm  speed  reduction  factor  was  quantified  by 

SF  =  e"BDT  where  (18) 

D  =  Accumulated  snow  depth. 

B  =  Constant  estimated  from  APWA  graphs. 

T  =  Subscription  for  indicating  temperatures 
above  or  below  -4°C  (25°F) 

One  problem  encountered  [186]  in  interpolating  the  APWA  graphs  was  that 
they  were  not  labeled  to  allow  the  reader  to  tell  what  removal  capabil- 
ities were  assumed  for  each  line.  Therefore,  it  was  assumed  that  in 
each  figure,  the  line  showing  the  longest  and  most  severe  disruption 
was  based  on  zero  removal  effort  by  the  municipality  and  reflected 
simply  the  natural  removal  occasioned  by  sun,  air  temperature  and 
traffic. 

Verification  or  repudiation  of  the  APWA  curves  has  not  yet  been 
documented,  although  the  basic  interactions  between  storm  characteris- 
tics on  traffic  speeds  is  sensible,  and  these  numbers  should  be 
considered  only  as  estimates.  Equation  10  also  reflects  the  basic 
variable  interaction.   Ideally,  the  constants  would  be  determined  for 
the  highway  system  being  evaluated  and  not  from  average  values;  since 
the  magnitude  of  time  delay  generated  for  a  traffic  flow  stream  is 
potentially  \jery   high.  For  comparative  analysis  on  levels  of  effort 
to  combat  snow  or  ice  in  urban  areas,  the  approach  suggested  by  APWA 
could  be  used  to  its  fullest  advantage. 

The  value  of  time  brought  on  as  a  result  of  increased  traffic 
delays  should  be  evaluated  or  adjusted  depending  on  several  variables, 
including  the  type  of  vehicles,  urban  versus  rural  highway  and  time  of 
day.  Research  identifying  how  these  variables  are  affected  by  snow 
or  ice  conditions  is  not  available.  For  instance,  these  relationships 
have  not  been  quantified:  increased  travel  time  for  the  percentage 
of  trucks  versus  cars  on  urban  or  on  rural  highways,  speed  reductions 
before,  during  or  after  storms,  night  storms  effect  on  daytime  speeds 
and  vice  versa,  accident  and/or  conjestion  delay  versus  snow  or  ice 
delays. 

The  corresponding  economic  value  of  time,  once  storm  delays  have 
resulted,  has  been  the  product  of  many  research  activities.  The 
Stanford  Research  Institute  [V72]  estimates  the  values  of  travel  time 
savings  as  a  function  of  three  factors:  amount  of  time  saved  (the 
amount  of  time  "Saved"  is  a  commonly  used  expression,  but  it  is  a 
misnomer;  time  cannot  be  saved,  it  can  merely  be  used  in  different 
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ways.  Thus  time  saved  in  travel  derives  its  value  from  the  alterna- 
tive uses  to  which  it  can  be  put),  income  level,  and  trip  purpose. 
Such  values  of  time  savings  are  then  converted  into  equivalent  dollar 
values,  which  can  then  be  compared  with  construction  costs,  mainten- 
ance costs,  and  other  real  or  equivalent  cost  factors. 

The  estimated  values  [172]  are  a  product  of  a  series  of  studies 
by  the  Bureau  of  Public  Roads,  originating  in  1962.  The  first  study 
developed  conceptual  models  which  assign  a  value  to  the  travel  time 
saved  by  commuters  on  a  particular  highway  segment  [172].  Small- 
scale  survey  work  and  limited  modeling  were  then  completed.  This  led 
to  a  full-scale  empirical  attempt  to  estimate  the  value  of  commuter 
time.  Thus,  in  1968,  an  estimate  of  $2.82  per  person  per  hour 
emerged  as  the  value  of  time  saved  [172], 

A  single  constant  value  of  time,  even  for  a  single  trip  purpose, 
was  only  a  first  approximation  to  a  more  general  variable  value. 
Developed  by  Thomas,  et.  at.  [172]  are  estimation  techniques  which 
indicate  the  value  of  time  saved  to  be  dependent  upon  both  the 
motorist's  income  level  and  the  amount  of  time  saved.  Further 
refinements  were  made  at  estimating  time  values  by  the  SRI's  report 
through  accounting  for  the  trip  purpose  other  than  work.  Values  of 
time  have  been  estimated  for  personal  business  trips,  social 
recreational  trips,  vacation  trips,  and  school  trips.  Tables  giving 
the  SRI  projected  values  of  time  savings  as  a  function  of  these 
variables  are  presented  in  [172]. 

The  value  of  time  savings  is  also  dependent  upon  vehicle  type. 
"Values  of  Time  Savings  of  Commercial  Vehicles",  NCHRP  #33  [173], 
reviews  and  analyzes  various  methods  that  have  been  proposed  for 
evaluating  time  savings  that  accrue  to  highway  vehicles.  It  also 
develops  a  cost  savings  approach  for  determining  the  value  of  time 
savings  and  applies  this  approach  for  a  composite  cargo  vehicle,  a 
composite  intercity  bus,  and  a  number  of  cargo  vehicle  types.  They 
summarized  [173]  that  an  estimate  of  the  value  of  time  savings  falls 
into  four  major  categories. 

1.  Revenue  (net  operating  profit)  method.  Assumes  that  time 
savings  will  be  translated  into  additional  revenue  miles.  The  method 
uses  the  theory  of  the  firm  and  has  certain  empirical  advantages. 

Its  weaknesses  are  the  lack  of  knowledge  of  fixed  versus  variable 
costs  in  relation  to  time  savings,  the  implied  assumption  that  time 
savings  generate  additional  gross  revenues,  and  the  difficulty  of 
localizing  revenue  data. 

2.  Cost  savings  method.  Assumes  that  time  savings  lead  to  a 
saving  in  resources  required  to  perform  a  given  volume  of  output. 
The  method  generally  follows  the  theory  of  the  firm,  the  principle 
of  cost  minimization,  and  has  empirical  advantages  compared  to  the 
revenue  approach.  Greater  localization  of  data  can  be  obtained. 
The  method's  basic  weakness  is  that  too  little  is  known  about  time- 
associated  cost  functions. 
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3.  Cost-of-time  method.  Refers  to  the  cost  of  providing  time 
savings  to  highway  vehicles.  The  method  was  conceived  as  a  decision- 
making aid  at  the  highway  project  level.  The  method  does  not  measure 
the  value  of  time  in  an  absolute  sense.  Its  strength  is  in  its 
potential  for  alleviating  the  need  for  such  a  value. 

4.  Willingness-to-pay  method.  Attempts  to  assess  the  value  of 
time  in  a  market  framework.  The  measurement  may  be  through  toll  fees 
or  in  opportunity  costs  (utility  or  value  foregone  to  attain  time 
savings).  Extrapolation  to  average  values  and  the  application  of 
the  method  in  general  are  quite  complex.  Secondary  data  for  the 
approach  are  scarce  and  the  generation  of  primary  data  appears  to  be 
difficult  and  expensive. 

The  recommended  values  of  time  savings  per  hour  for  composite 
vehicles,  by  ICC  regions,  are  as  follows: 

TABLE  27:  VALUES  OF  TIME  SAVINGS  COMPONENTS  FOR  COMPOSITE  INTERCITY 
BUSES,  BY  ICC  REGION  (1962  DATA  UPDATED  TO  1965-66)  [173] 


ICC 
REGION  * 

A, 

VALUE    OF     TIME    SAVINGS      (fl/HR.) 
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Southern 

0.4762 

1.3628 

0.1486 

4.3263 

0.4587 

0.0427 

0.1397 

6.9550 

New  England-Middle 

Atlantic 

0.3674 

1.1183 

0.0684 

3 . 0864 

0.1821 

0.0305 

0.1204 

4.9735 

Central 

0.4414 

1.2876 

0.2284 

4.7479 

0.5320 

0.0547 

0.1418 

7.4338 

Northwestern- 

Midwestern 

0.5525 

1.7683 

0.1041 

4.0592 

0.0963 

0.0403 

0.1489 

6.7696 

Southwestern 

0.6070 

1.5869 

0.1742 

4.4638 

0.4102 

0.0442 

0.1447 

7.4310 

Rocky  Mountain- 
Pacific 

0.3551 

0.8775 

0.1151 

4.2763 

0.4428 

0.0423 

0.1203 

6.2294 

Combinations  of  regions  were  made  due  to  inadeguacy  of  data  for  some  regions  alone. 

National  Cooperative  Highway  Research  Project  33  summarizes 
the  foundations  of  the  four  methods  of  evaluating  time  savings 
[173]. 

Tardiness 

Tardiness,  has  been  assumed  in  economic  evaluations  of  snow  and 
ice  control  to  be  related  to  losses  in  production  and/or  employee 
wages.  In  fact,  no  attempt  to  quantify  tardiness  due  to  snow  storms 
with  respect  to  such  variables  as  salaried  employees  versus  hourly 
or  contract  employees,  urban  (industrialized)  versus  rural  (self 
employed)  workers  or  even  tempering  snow  storm  tardiness  values  with 
normal  tardiness  rates. 

There  is  some  question  as  to  the  overall  impact  of  tardiness  on  a 
company's  or  even  a  community's  economy.  Solicitations  to  government 
agencies,  retail  businesses,  production  companies  and  mining  companies 
using  time  clocks  revealed  that  normal  tardiness  rates  are  not  known, 
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much  less  an  increase  due  to  snow  or  icy  weather  [194].  Apparently, 
it  has  not  been  of  such  magnitude  to  warrant  special  treatment  by  the 
employers  contacted.  It  should  be  noted  that  the  employers  contacted 
are  located  primarily  in  the  Utah  area,  with  a  few  havinq  offices  in 
other  states. 

Economic  forecasts  includinq  tardiness  in  the  evaluation  should 
attempt  to  adjust  the  qross  approximation  by  the  percentage  of 
salaried  versus  non-salaried  workers,  percentage  of  businesses 
requiring  an  employee  to  remain  on  the  job  until  a  replacement 
arrives,  businesses  whose  goal  is  such  that  small  time  delays  do  not 
interrupt  total  progress  and  the  number  of  workers  whose  progress  or 
lack  of  it  does  not  affect  the  progress  of  other  people.  It  is 
interesting  to  note  from  this  study  investigation  [194]  that 
tardiness  and  absenteeism  rates  during  days  of  snowy  weather  were 
significantly  lower  than  corresponding  tardiness  and  absenteeism 
rates  on  a  typical  Monday  or  Friday. 

When  tardiness  results  in  discernable  economic  losses,  treatment 
of  the  magnitude  of  tardy  time  can  be  variable  depending  on  income, 
etc.  Values  of  time  delays  used  by  Stanford  Research  Institute 
[181]  for  worker  trips  (to  the  worker)  may  be  the  best  estimate  of 
tardiness  values,  properly  prorated  at  this  time.  However,  in 
viewing  the  macro-economics  of  the  community,  a  loss  to  individual 
workers  may  not  be  a  real  cost,  merely  a  transferred  cost  in  the  case 
of  workers  remaining  on  the  job  until  replacements  arrive. 

Although  it  seems  logical  that  tardiness  and  absenteeism  costs 
are  significant,  their  actual  magnitudes  are  not  precisely  known. 
Further  work  is  continuing  in  this  area. 

Comfort  and  Convenience 

The  same  market  considerations  apply  to  impedance  costs,  the  strain 
and  discomforts  of  congested  or  nonuniform  driving.  Many  people 
regard  any  attempt  to  give  a  dollar  value  to  such  costs  on  their  re- 
duction as  fantastic  and  unworthy  of  attention.  To  this  it  may  be 
replied  that  the  Pullman  Company  made  a  very   good  thing  for  many  years 
out  of  selling  comfort  and  convenience  to  railway  passengers.  There 
would  be  no  reason  for  people  to  sit  down  on  railroad  trains,  let  alone 
sleeping  in  a  berth,  if  comfort  had  no  value.  Automobile  and  even 
truck  manufacturers  know  the  value  of  comfort  and  convenience  to  their 
customers  and  incorporate  these  qualities  in  the  vehicles  they  design. 
To  build  the  same  attributes  into  the  highways  is  simply  following 
good  business  practice.  There  is  no  doubt  that  much  of  the  pop- 
ularity of  turnpikes  and  freeways,  and  the  willingness  of  people  to 
finance  them,  results  from  the  greater  ease  and  comfort  of  the  ride 
they  provide  [182]. 

It  is  unfortunate  that  guidelines  suggesting  comfort  and 
convenience  factors  have  not  been  developed.  As  for  how  comfort  and 
convenience  are  affected  by  snow  and  ice  control  activities,  no 
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information  is  available. 

Total  inclement  weather  trip  time  as  compared  to  norma >  trip  time 
may  be  the  best  indicator.  That  is  additional  delay  indirectly  accounts 
for  chain-up  time,  levels  of  service  provided,  extent  of  conjestion, 
travel  speed,  alternative  routes  and  general  factors  contributing  to 
inconvenienced  travel . 

Questionnaire  approaches  to  ascertain  the  effects  of  snow  and  ice 
control  on  business,  truckers,  traffic  and  safety,  yield  virtually  no 
information  due  to  the  insufficient  data  available  in  this  discipline. 

It  is  possible,  that  application  of  the  "willingness  to  pay"  method 
has  merit  in  estimating  a  value  or  value  range  associated  with  snow  or 
ice  inconveniences. 

In  summary,  traffic  and  safety  projections  used  to  determine 
economic  loss  from  snow  and  ice  have  probably  been  understated  in  their 
complexity,  underdeveloped  relationships  through  research  and  over- 
stated economic  projections  since  all  time  losses  do  not  necessarily 
represent  prime  dollar  losses  to  society. 
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CHAPTER  V 
Environment 

by:  James  H.  Thuet 


Is  there  an  economic  impact  upon  the  environment  from  snow  and 
ice  control? 

"...  There  is  no  evidence  that  road  salt  is  to  blame  for 
ill  health  of  trees..."  [202] 

"...  Salts  could  result  in  significant  injury  to  plant 
and  animal  life..."  [203] 

"...  Sodium  chloride  was  beneficial  to  foliar  growth..." 
[204] 

"...  Deicing  salts  in  soils  are  taken  up  by  plants  and 
cause  leaf  burn,  premature  defoliation  and  terminal 
growth  dieback..."  [205] 

"...  Salt  will  produce  varying  plant  responses,  depending 
upon  the  soil -water  content  and  plant  sensitivity..." 
[206] 

. — 

"There  is  little  effect  on  major  streams  due  to  highway 
salting..."  [207]  and  [206] 

"...  Both  well  and  surface  supplies  of  drinking  water 
have  been  affected  by  increased  use  of  salts..."  [208] 

"...  Clearly,  salts  used  for  deicing  purposes  do  not 
pollute  to  any  major  extent..."  [204] 

"...  As  long  as  salt  guarantees  the  safety  of  my 
children,  I  could  care  less  what  happens  to  the 
environment..."  [203] 

The  logical  beginning  to  an  overview  of  this  type  is  to  try  to 
determine  if  there  is  an  economic  impact  upon  the  environment  resulting 
from  snow  and  ice  control.  The  above  quotes  are  representative  of 
many  of  the  opinions  found  in  some  of  the  literature.  Much  of  what  is 
written  is  highly  opinionated  and  poorly  supported,  however,  there  are 
several  excellent  studies.  It  is  from  these  that  an  answer  to  the 
central  question  is  sought. 
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Sodium  chloride  is  the  most  widely  used  chemical  for  deicing  pur- 
poses. As  a  result  of  this,  most  of  the  literature  is  concerned  with 
the  effects  of  sodium  chloride  (NaCl),  either  from  road  application 
or  stockpile  storage.  There  are  alternatives  to  sodium  chloride;  these 
will  be  discussed  as  will  the  potential  impacts  to  factors  which  make 
up  the  environment. 

Additives 

There  are  two  major  types  of  additives  added  to  deicing  salt; 
corrosion  inhibitors  and  anti -caking  agents. 

Two  basic  chemicals  are  used  as  corrosion  inhibitors;  the  chro- 
mates  and  the  polyphosphates.  Chromium-base  rust  inhibitors  are 
hazardous  to  both  wildlife  and  humans,  E  2  ool  >  [211],  and  [202]  in 
addition  to  being  an  extreme  potential  for  water  contamination.  [212] , 
[209] ,  and  [211].  Concentrations  of  .05  milligrams  per  liter  of 
chromium  is  a  sufficient  amount  to  have  water  supplies  rejected  as 
unfit  for  domestic  consumption.  Other  levels  have  been  established 
as  maximum  allowable  usage:  stock  and  wildlife  watering-5.00  mg/1 ; 
fish  life-1.00  mg/1;  other  aquatic  life-. 05  mg/1. 

Phosphates  appear  to  be  much  safer  than  chromates,  but  they  too 
have  some  drawbacks.  Phosphates  may  serve  as  a  nutrient  [21 1 ]  which 
can  trigger  odorous  algae  blooms  in  lakes  and  ponds.  The  effects  of 
these  blooms  may  in  turn  be  toxic  to  fish  life  [206] . 

Another  potential  problem  associated  with  the  use  of  poly- 
phosphates is  a  softening  of  bituminous  binders  [202], 

Other  additives  used  with  deicing  salts  are  anti-caking  agents. 
The  most  commonly  used  chemicals  for  this  purpose  are  ferric  ferro- 
cyanide  (Prussian  Blue)  and  sodium  ferrocyanide  (yellow  prussiate  of 
soda,  Y.P.S.).  There  is  some  debate  as  to  whether  or  not  these 
additives  are  toxic  to  aquatic  life  in  the  concentrations  used  for 
snow  and  ice  control. 

Ferric  ferrocyanide  and  sodium  ferrocyanide  are  commonly  used  to 
minimize  the  caking  of  salt  stockpiles.  The  sodium  ferrocyanide  in 
particular,  is  quite  soluble  in  water,  and  will  generate  cyanide  in 
the  presence  of  sunlight.  Tests  by  the  State  of  Wisconsin  showed  that 
15.5  mg/1  of  sodium  can  produce  3.8  mg/1  cyanide  after  30  minutes. 
Maximum  levels  of  cyanide  allowed  in  public  water  supplies  range  from 
0.1  to  0.2  mg/1  [210]. 

The  Salt  Institute  maintains  that  ferric  ferrocyanide  or  sodium 
ferrocyanide  does  not  have  the  same  properties  as  hydrogen  cyanide, 
sodium  cyanide,  or  potassium  cyanide  any  more  than  sodium  chloride  has 
the  properties  of  chlorine  although  the  majority  of  chlorine  is 
produced  from  sodium  chloride.   In  fact,  ferric  ferrocyanide  is  the 
coloring  ingredient  in  household  bluing,  blueprints,  blue-black  ink,  and 
carpenters  chalk,  to  name  a  few  common  items  in  which  it  is  used.  It 
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has  been  dismissed  as  having  a  detrimental  effect  on  fishlife. 

Sodium  ferrocyanide  has  been  injected  intravenously  into  babies 
and  adults  in  kidney  studies.  It  has  also  been  shown  in  laboratory 
studies  to  be  non-toxic  at  levels  up  to  5,000  parts  per  million  (mg/1 
Reports  also  indicate  that  2,000  mg/1  of  potassium  ferrocyanide  is  not 
toxic  to  fish  [ 2 s 3] . 

The  above  statements  are  probably  correct  for  the  unaltered 
chemical.  The  potential  problems  arise  when  the  chemicals  are  in 
solution  and  undergo  photo-decomposition. 

In  studies  to  determine  the  effect  of  sunlight  on  dissolved 
ferrocyanide,  the  rate  of  disappearance  of  cyanide  ion  and  cyanide 
concentrations  generated  in  solution,  researchers  H.  W.  Fiedelman  and 
E.  J.  Kuhajek  [2  5  3]  found  that  after  breakdown  of  ferrocyanide, 
cyanide  is  released  into  the  atmosphere  as  hydrogen  cyanide  gas. 

They  found  that  sodium  ferrocyanide  (YPS)  and  ferric  ferrocyanide 
(prussian  blue)  break  down  rapidly  once  in  solution,  particularly  in 
shallower  waters  where  sunlight  is  more  intense.  Atmospheric  haze 
resulting  from  cloudiness  as  is  common  in  winter,  and  normal  turbidity 
in  runoff  waters  and  streams  retard  the  breakdown  in  proportion  to  the 
reduction  of  sunlight  penetration  [_25J. 

These  researchers  concluded  that  anti-caking  additives  pose  no 
serious  environmental  danger. 

Alternative  Materials  and  Methods 

In  considering  materials  for  snow  and  ice  control,  a  variety  of 
characteristics  should  be  understood  before  the  ideal  one  can  be 
chosen.  These  characteristics  include  [_46_]: 

*It  must  effectively  melt  ice,  frost,  and  snow  at  low  cost; 

*It  must  not  create  a  slippery  pavement  surface; 

*It  must  not  damage  pavement  structures; 

*It  must  not  corrode  steel;  and 

*It  must  not  be  toxic  or  degrade  the  environment. 

Primary  characteristics  for  sensible  snow  and  ice  control  methods 
are  cost  and  practicality. 

There  are  several  potential  chemical  and  nonchemical  means  of  snow 
and  ice  control.  The  most  promising  of  these  are  summarized  in  chapter 
three. 

Salt  Storage 

Salt  is  currently  used  on  most  of  the  nation's  roads.  Since  salt 
is  so  extensively  used,  there  exists  a  large  number  of  facilities  used 
for  salt  storage.  It  is  here,  according  to  much  of  the  literature  that 
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the  chances  for  environmental  damage  are  greatest.  Improperly  stored 
salt  can  damage  surface  water,  ground  water  and  plant  life  [215], 
[206],  [208]  and  [216],  Some  isolated  examples  resulting  from  im- 
properly stored  salt  are  examined. 

Specific  cases  of  water  supply  contamination  in 
Massachusetts  merit  attention.    The  Town  of  Becket  in 
1951  found  the  water  in  one  of  its  wells  had  drasti- 
cally increased  in  chloride  content  to  about  1,360  mg/1 
attributable  to  a  salt  storage  pile   located  uphill  from 
the  well   . . .  Private  and  public  water  supplies  in  the 
Weymouth,   Braintree,   Randolph,   Holbrook,  Auburn,   and 
Springfield  areas  were  among  those  believed  to  be 
affected  by  highway  salts,   in  Massachusetts .  Large 
salt  storage  piles   located  at  Routes  128  and  28  in 
Randolph,    and  located  alongside   the  Blue  Hill  River, 
were  suspected  of  introducing  contamination  into  Great 
Pond,    which  serves  as  water  supply  for  Braintree, 
Randolph,   and  Holbrook   [21 5] . 

Proper  storage  would  prevent  much  of  the  potential  damage  from 
occurring.  Proper  storage  would  include  one  or  a  combination  of; 
settling  basins,  paved  floors,  roofing  and  walls.  Even  though 
enclosed  storage  is  expensive,  it  may  represent  a  good  investment 
in  vulnerable  areas.  Proper  planning  can  yield  multi-fold  benefits 
from  storage  structures  during  the  off  season  resulting  in  a  more 
direct  cost-benefit  to  the  using  agency. 


Aesthetics 

What  is  the  value  of  roadside  aesthetics?  To  obtain  a  definite 
answer  to  this  question  would  require  answers  to  questions  such  as: 
how  much  is  a  rainbow  or  a  sunset  worth  or  the  beauty  of  a  tree  and 
the  smell  of  blossoming  flowers? 

Obviously  there  can  be  no  exact  figure  drawn.  Aesthetics  are  a 
personal  characteristic  common  but  variable  for  all  people.  To  a  tour- 
ist the  city  dump  may  be  an  eyesore;  to  a  young  boy  an  exciting  land 
of  treasure;  and  to  a  driver  of  a  garbage  truck  the  welcomed  end  to  a 
hard  day. 

The  literature  on  this  subject  is  lacking.  Few  references  are 
available  that  help  in  efforts  directed  to  determine  the  value  of 
aesthetics.  Perhaps  this  is  proper,  because  any  formula  attempting 
to  derive  this  value  would  be  suspect  from  the  beginning.  More 
research  on  this  subject  would  be  desirable. 

No  matter  how  difficult  aesthetics  are  to  appraise  most  people 
would  agree  that  roadside  aesthetics  do  have  a  value. 

Snow  and  ice  control  can  have  a  \/ery   definite  effect  on  roadside 
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aesthetics.  Some  of  these  potential  effects  include:  erosion  caused 
by  salt  kill,  browned  trees  from  salt  spray,  white  stains  on  the  road- 
side in  spring  after  the  snowbanks  melt,  odiferous  algae  growth 
triggered  by  the  use  of  corrosion  inhibitors  (not  commonly  used)  and 
other  vegetation  kills. 

All  of  the  above  mentioned  infer  a  cost.  Either  through  loss  of 
beauty,  reduction  in  tourism  or  actual  replacement  or  clean-up  costs. 
For  the  purpose  of  this  report,  although  it  is  recognized  that  aesthe- 
tics do  have  a  value,  the  only  costs  or  benefits  that  can  be  considered 
are  those  that  are  actually  quantifiable  in  monetary  terms.  Most  of 
the  economic  losses  are  associated  with  extreme  or  potential  damage 
since  only  in  isolated  instances  has  actual  damage  resulting  from 
snow  and  ice  control  deteriorated  to  that  point. 


Animal  Life 

From  studies  of  salt  metabolism,  scientists  have  learned  that 
moderate  amounts  of  salt  are  absolutely  essential  for  living  organisms 
to  survive  in  a  precarious  balance  between  too  little,  just  right,  and 
too  much  salt,  each  in  accordance  with  its  genetic  limitations  and 
special  adaptations.  What  we  need  to  know  most  of  all  about  the 
effects  of  highway  salt  on  the  environment  is  what  is  happening  to 
this  critical  balance  in  organisms  exposed  to  excess  salt  and,  in  a 
larger  sense,  what  is  happening  to  the  continued  evolution  species 
thus  affected  [207]. 

This  sums  up  much  of  the  speculation  of  the  effects  salt  has  on 
wild  life.  The  majority  of  living  organisms  need  some  salt,  but  too 
much  can  be  fatal . 

Highway  salting  has  been  accused  of  disrupting  animal  life  in  a 
variety  of  ways.  Some  of  these  accusations  include:  Birds  mistaking 
roadside  salt  for  pebbles  and  dying  from  its  ingestion  [217];  animals 
walking  through  super-cooled  melt  water  causing  pain  [217];  ungulate 
animals,  attracted  to  the  roadside  to  lick  the  salt,  being  hit  by 
traffic  [217];  and,  the  stratification  of  lakes  causing  incomplete 
mixing  and  the  subsequent  death  of  fish  [248].  Another  potential 
although  indirect, impact  of  roadside  salting  could  be  the  destruction 
of  vegetation  to  such  an  extent  that  it  would  no  longer  support  life. 
This  latter  potential,  according  to  many  researchers,  is  not  as 
serious  as  may  appear  at  first  glance. 

The  destruction  of  roadside  vegetation  would  naturally  disrupt 
the  ecosystem  that  may  exist  along  the  roadside.  This  disruption, 
however,  would  be  temporary.  When  one  habitat  is  disturbed,  animals 
making  up  the  ecosystem  will  seek  alternative  locations  to  live. 
According  to  several  authors  who  have  studied  this  subject  the 
farthest  distance  from  a  road  that  highway  salts  will  usually  affect 
animals  is  fifteen  meters  (fifty  feet).  Thus,  any  displaced  animals 
would  not  have  far  to  go  to  find  a  suitable  habitat. 
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Other  potential  harms,  mentioned  earlier  are:  Deer  being  run  into, 
pheasants  eating  rock  salt  and  pets  walking  through  super-cooled  water; 
these  were  considered  in  part  by  Hanes,  Zelanzy,  et.  al .  They  respond 
that  the  reports  attributing  wildlife  mortalities  and  injuries  to 
deicing  salts  have  been  reputed  [206].  They  go  on  to  say  ...  "It  is 
thought  that  the  only  potential  serious  effects  from  using  deicing 
salts  would  be  the  attraction  of  ungulate  animals  to  highways  due  to 
'salt  craving1  which  could  create  a  hazard  to  both  motorists  and 
animals. " 

Other  researchers  have  considered  the  salt  craving  argument  and 
found  that  it  too  may  not  be  accurate.  In  Pennsylvania,  approximately 
25,000  deer  are  killed  each  year  on  the  highway.  Results  of  a  study  by 
Pennsylvania  State  University  [201 1]  showed  that  when  salt  is  present 
on  the  highway  the  deer's  demand  for  salt  is  at  a  minimum.  Of  course 
this  does  not  mean  that  no  roadside  deaths  of  deer  or  elk  have  occurred 
due  to  a  salt  craving,  but  it  does  suggest  that  other  causes  may  be 
present  and  that  further  refinements  of  presently  understood  knowledge 
need  be  achieved. 

Perhaps  one  of  the  most  serious  potential  problems  to  animal  life 
that  can  be  associated  with  snow  and  ice  control  is  that  under  certain 
instances  smaller  lakes  could  become  permanently  stratified 
(irreversable  damage).  This  process  occurs  when  saline  water  (that 
contributed  by  highway  salting,  storage,  and  other  sources)  flows  into 
a  fresh  water  lake.  The  more  dense  saline  water,  in  most  instances, 
will  move  into  the  deeper  part  of  the  lake  and  may  remain  separate 
from  the  lower  density  fresh  water  [248].  This  buildup  of  high  density 
saline  water  can  prevent  a  complete  lake  mixing  in  the  spring  [248]. 

Incomplete  mixing  of  the  water  in  spring  can  have  a  pronounced 
effect  on  the  animals  living  in  the  lake  ...  it  may  result  in  fish 
kills  ...  or  destroy  the  animals  on  which  the  fish  feed  to  the  extent 
that  reduction  of  the  fish  population  occurs  [248]. 

The  potential  for  lake  stratification  is  real  and  the  economic 
consequences  could  be  severe.  According  to  Bubeck,  et.  al .  in  their 
study  of  Irondequoit  Bay  the  salt  runoff  has  significantly  changed 
the  physical  characteristics  of  the  bay  and  that  similar  conditions 
might  be  expected  elsewhere,  particularly  in  heavily  salted  areas  that 
provide  natural  traps.  Very  small  and  relatively  deep  lakes  are 
particularly  susceptible  to  such  conditions.  Indeed,  one  tiny  lake  in 
Michigan  has  been  prevented  from  completely  mixing  in  the  spring  by 
salt  runoff.  More  should  be  known  about  such  lakes  as  it  is  likely 
that  salt  runoff  will  reach  more  of  them  [248  ] . 

Either  directly,  or  indirectly,  salt  has  the  potential  to  cause 
harm  to  animal  life.  Too  much  salt  is  a  threat  to  all  living 
creatures,  even  to  plants  and  animals  living  in  the  oceans  where  salt 
contents  average  about  3.5  percent  or  35  parts  per  thousand.  Salt 
concentrations  greater  than  one  percent  (1  gram/100  grams  of  water) 
endanger  health,  reproduction,  and  longevity  in  all  species  adapted 
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to  fresh  water  environments,  including  man  [203]. 

Some  work  has  been  done  on  how  much  salt  certain  animals  can 
withstand.  Table  28,  although  not  complete,  will  give  an  indication 
of  the  range  of  tolerances. 


TABLE  28:  SALT  TOLERANCES  OF  CERTAIN  ANIMALS 


ANIMAL 

Adult  Rabbit  [206] 

Adult  Pheasant  [206] 

Livestock  [206] 

Human  w/hypertension 
low  sodium  diet 

Euryhaline  Fish  [206] 


Rainbow 

Trout   [206] 

BluegiV 

Is    [206] 

Brooktrout   [206] 

Cray fist 

l   [206] 

Larvae 

]206j 

Earthwoi 

-m   [206] 

Minnows 

[206] 

Minnows 

[206] 

Daphnia 

[206] 

Goldfist 

i    [206] 

CHEMICAL 

TOLERANCE 
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20  mg/1 
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Na  CI 

12,000  mg/1  20%  mortality 
after  96  hrs.   of  exposu 

Na   CI 

10,000  mg/1 

—   CI 

10,000  mg/1 

—   CI 

4-5,000  mg/1 

—   CI 

4-5,000  mg/1 

---   CI 

4-5,000  mg/1 

Na   CI 

2,500  mg/1 

Ca   CI 

2,775  mg/1 

Na  CI 

3,680  mg/1  50%  immobility 
64  hrs. 

CI 


1 ,200  mg/1  unaffected 


Salt  tolerances  are  not  absolute;  they  depend  on  the  oxygen  supply 
in  the  water,  temperature  of  the  water,  length  of  exposure,  rate  of 
salt  concentration  increases,  and  concentration  and  nature  of  other 
chemicals  in  the  water  [206]. 

Five  percent  of  the  waters  in  the  United  States  which  support  a 
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desirable  mixed  fish  fauna  have  less  than  three  mg/1  chloride,  50  percent 
have  less  than  nine  mg/1  chloride,  and  95  percent  have  less  than  170  mg/1 
chloride  [206]. 

According  to  much  of  the  literature  the  economic  impact  to  animal 
life  from  snow  and  ice  control  is  minimal  [115],  Attention  should  be 
paid,  however,  to  those  areas  where  lake  stratification  or  irreversable 
damage  could  occur. 

Plant  Life 

The  economic  effects  of  snow  and  ice  control  on  vegetation  is  a 
wery   broad  and  complicated  category.  Some  of  the  questions  to  be 
considered  are:  How  much  salt  will  damage  plant  life?  What  is  the 
effect  of  salt  on  the  soil?  How  do  deicing  chemicals  affect  vegetation? 
What  are  the  modes  of  dispersion,  and  how  far  will  salts  travel? 

"There  is  little  doubt  that  road  deicers  can  disturb  a  healthy 
balance  in  soils,  trees,  and  other  vegetation  comprising  the  roadside 
environment"  [221 ].  This  statement  seems  obviously  true  enough,  but  a 
problem  arises  when  trying  to  define  how  much  salt  will  upset  this 
balance,  and  how  extensive  the  resultant  damage  will  be.  According 
to  the  Salt  Institute 

. . .  Salt  or  other  deiaing  chemicals  rarely  cause 
permanent s    large-scale  harm  to  vegetation.      Otherwise,   we 
could  look  forward  next  spring  to  a  barren  wasteland  of 
brown  roadsides 3   devoid  of  plant  life.      Deicing  chemicals 
have  been  used  by  the  hundreds  of  thousands  of  tons  for 
decades,   and  the  greenery  is  still  with  us. 

There  are  isolated  incidences  of  plant  damage  each 
winter.      That  is  to  be  expected.      Salt  unquestionably 
causes  occasional  damage  to  vegetation   [246] . 

If  this  is  true,  as  it  appears  to  be,  the  economic  impact,  at  the 
present,  may  be  minimal.  But  will  the  above  mentioned  isolated  instances 
of  damage  increase?  It  does  seem  likely  if  the  use  of  salt  "continues 
to  increase"  at  the  rate  it  has  in  the  past  [210] . 

There  are  a  number  of  factors  that  can  contribute  to  a  decline  in 
roadside  vegetation:  Some  of  these  being  rates  of  deicing  salt  applica- 
tion, vegetation  present,  drainage,  precipitation,  distance  of  plants 
from  the  road,  soil  composition,  weed  control,  etc.  All  of  these 
factors  are  interrelated,  but  will  be  discussed  separately. 

The  Effect  of  Salt  on  Soil 


In  discussing  the  effects  of  salt  on  vegetation,  it  may  be  best  to 
begin  with  a  discussion  of  how  salt  affects  the  soil.  Calcium  chloride 
and  sodium  chloride  are  the  most  widely  used  deicing  chemicals.  Of 
these  two  chemicals  calcium  chloride  seems  to  have  the  least  effect. 
According  to  F.  E.  Hutchinson  [49  ]  ...  "mixtures  of  calcium  chloride 
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will  decrease  the  potential  for  damage  to  physical  properties  of  soils 
as  compared  to  application  of  sodium  chloride  singly." 

Especially  when  application  is  after  ice  has  formed,  [  49  ]  he 
further  states...  "Less  calcium  than  sodium  is  introduced  into  the 
environment  on  a  molar  basis  regardless  of  melting  time  and  temperature." 

The  chloride  ion,  present  in  both  salts  is,  felt  to  be  harmless  to 
soils  [224]. 

Deicing  salts  affect  the  physiology  and  growth  of  plants 
directly  by  altering  soil  solutions.      Changes  produced  by  salts 
in  soils  include:      (1)   increases  in  osmotic  pressure ,    (2)   changes 
in  the  replaceable  ions,   and   (3)   changes  in  the  ratio  of  ions  in 
soil  solutions  which  alter  the  nutritional  status  and  also  causes 
toxic  concentrations  of  ions  to  plants.      Salts  which  contain 
sodium  can  indirectly  affect  plant  growth  by  altering  the  soil 
structure,   permeability ,   and  aeriation.      The  magnitudes  of  such 
changes  depend  on  the  amount  and  kind  of  salt,    type  of  soil, 
total  precipitation  and  plant  species   [206]. 

Carpenter  sums  up  much  of  the  present  thinking  when  he  states: 

. . .  Since  high  concentrations  of  sodium  ions  have  an 
adverse  effect  on  soil  physical  properties  by  causing  dispersion 
of  colloidal  particles,   alkali  soils   lack  aggregation  and  are 
poorly  drained  structureless  soils.      It  appears   the  sodium 
levels  found  at  some  sites  in  this  study  would  suggest  that 
road  salt  applications  may  be  resulting  in  poorer  drainage  of 
the  soils  along  the  highway.      Furthermore,    the  sodium  and 
chloride   levels  present  in  these  soils  are  rapidly  approaching 
a  point  where   they  may  be  toxic  to  some  of  the  desirable  vege- 
tative species  growing  in  the  area   [204] . 

Dispersion 

The  entrance  of  deicing  salts  into  the  roadside  environment  can 
take  these  routes;  groundwater  runoff,  infiltration  through  the  soil, 
and  by  spray  from  passing  traffic  [205],  [204],  [206],  and  [210]. 
Each  of  these  modes  of  dispersion  may  present  a  threat  to  the  roadside 
environment.  Infiltration,  or  percolation  into  the  soil,  may  sound 
unlikely  considering  the  ground  is  usually  frozen  when  deicing  salts 
are  applied.  According  to  Carpenter  this  may  not  be  the  case.  He 
states: 

...The  extent  to  which  freezing  prevents  infiltration 
depends  on  the  type  of  cover,    type  of  soil,   and  rate  of 
freezing .     Almost  normal  infiltration  was  found  in  forest 
soil  frozen  to  a  depth  of  four  inches,   while  corn  and 
pasture  areas  allowed  almost  no  infiltration  when  frozen 
to  a  similar  depth.      Frozen,    heavy   textured  soils  allow  less 
infiltration  than  light  textured  soils.      Slow  freezing  is 
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conducive  to  the  formation  of  an  ice  with  low  permeability . 
Consequently >   frozen  ground  conditions  do  not  necessarily 
mean  that  salt  used  on  highways  will  be  drained  overland  to 
natural  waterways;    some  may  infiltrate  into  the  frozen  soil 
[204]. 

Spray  can  cause  damage  when  "supersaturated  ice  or  snow  slurries, 
which  develop  in  wheel  tracks  on  traveled  roads,  are  slushed  onto  road 
shoulders  causing  high  localized  salt  concentration"   [2 30 ] . 

Surface  runoff  is  potentially  the  least  detrimental  to  the  road- 
side because  it  is  usually  carried  off  by  streams  or  waterways. 

The  distances  and  concentrations  of  road  salt  have  been  examined  by 
several  researchers,  and  most  have  arrived  at  similar  conclusions.  The 
concentrations  of  salt  are  highest  at  the  soil  surface  next  to  the  road- 
side and  become  both  diluted  and  dispersed  as  it  moves  through  the  soil 
[222],  [205],  [204],  [225],  [226],  [227],  and  [228].  There  is  some 
discrepancy  as  to  where  the  largest  concentrations  will  occur. 
According  to  Carpenter  most  salt  will  be  at  the  60  centimeter  (2  foot) 
distance  [204],  but  many  of  the  other  researchers  feel  there  is  a 
progressive  dispersion  from  the  roadside  until  a  complete  dilution  is 
achieved. 

The  movement  of  salt  through  soil  is  very  dependent  upon  existing 
conditions  [206]  and  [225].  Above  normal  concentrations  of  sodium  in 
the  soil  are  usually  found  within  only  9  meters  (thirty  feet)  of  the 
highway  [225].  There  have  been  some  observations  of  salt  in  tree 
tissue  up  to  60  meters  (200  feet)  from  the  highway  [226]. 

A  build-up  of  salts  to  a  critical  level  along  the  roadside  may  be 
possible  under  certain  conditions.  According  to  data  presented  by 
Prior  and  Berthouex,  most  salt  in  the  soil  had  been  leeched  out  by 
April  [224].  Other  researchers  have  reached  virtually  the  same 
conclusion  [204], 

The  Effect  of  Salt  on  Plants 

"In  1957,  the  New  Hampshire  Highway  Department  reported  13,997 
dead  trees  along  6,000  kilometers  (3,700  miles)  of  highway.  The  cause 
of  death  of  these  trees  was  not  specified.  The  estimated  cost  of 
removal  was  $1,000,000"  [229],  or  approximately  $71  and  a  half  dollars 
per  tree. 

Statistics  similar  to  the  one  above  have  caused  highway  departments, 
environmental  groups  and  citizens  at  large  to  begin  asking,  "how?" 
Deicing  salts  are  suspected,  but  many  maintain  that  salt  plays  no  major 
role  in  vegetation  decline. 

For  example,  the  deputy  director  for  operations  of  Ohio,  where  some 
360,000  metric  tons  (400,000  tons)  of  deicing  chemicals  were  used  said, 
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"We  are  not  aware  of  any  significant  problems  arising  from  the  use  of 
these  materials  ...  The  point  I  would  like  to  make  positive  and 
unequivocal  is  that  the  Ohio  Highway  Department  has  never  experienced 
any  damaging  effect  to  vegetation  from  the  deicing  chemicals"  [222]. 

Others,  taking  a  different  approach  to  suspected  salt  damage, 
report  that  a  seven  year  test  on  applications  of  sodium  chloride  and 
calcium  chloride  to  the  sites  of  maples,  oak,  hickory,  black  birch,  ash, 
and  white  pine  was  carried  out  by  the  Shade  Tree  Laboratory  of  the 
University  of  Massachusetts.  Results  indicate  that  "winter  road  salting 
probably  does  no  great  harm  to  deciduous  trees  in  Massachusetts "[21 7], 

It  seems  certain  that  salt  does  have  the  potential  to  damage 
vegetation,  but  not  so  readily  agreed  upon  is  how  much  damage,  and  how 
it  is  caused. 

There  are  two  schools  of  thought  on  this  question.  One  believes 
that  salt  is  taken  up  through  the  roots,  and  the  other  side  claims 
that  any  damage  done  results  from  salt  spray. 

Guenther  Sauer  is  perhaps  the  most  quoted  researcher  advocating 
that  spray  is  the  primary  cause  of  vegetation  decline.  He  offers  the 
following  as  evidence  of  damage  by  contact  with  salt  [230], 

•  Damage  is  restricted  to  the  portions  of  the  plant  above 
the  snow  cover. 

•  Damage  is  primarily  restricted  to  the  highway  side  of 
the  tree. 

•  Top  growth  above  the  spray  zone  is  generally  unaffected--damage 
proceeds  from  bottom  up. 

•  Trees  below  the  roadway  are  damaged  from  the  top  down. 

•  Improved  growth  is  evident  where  barriers  and  abutments 
offer  some  protection  from  salt  spray. 

•  The  most  succulent  growth  is  affected--a  soil  build-up 
would  affect  the  older  growth  first. 

•  Sensitivity  varies  with  plant  species. 

Heavy  damage  has  been  found  along  major  expressways  that  receive 
heavy  and/or  frequent  salt  applications  and  carry  high  volumes  of  traffic 
at  high  speeds.  Less  damage  is  evident  in  speed  zones  or  on  the  leeward 
side  of  the  highway.  Little  salt  damage  has  been  observed  along  roadways 
with  speed  zones  of  50  kilometers  per  hour  (30  miles  per  hour)  or  less. 
Damage  may  result  in  the  deposition  of  salt  contaminated  slush  beyond 
the  curb.  However,  this  is  minimal.  Damage  intensity  is  dependent  on 
the  time  of  first  salting,  the  rate  and  frequency  of  application,  and  the 
time  of  last  application.  Numerous  other  conditions  also  contribute  to 
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the  extent  of  the  damage;  climatic  conditions  of  the  previous  season, 
winter  weather,  wind,  soil  conditions,  age  of  the  plantings  and 
dilution  of  the  salt  concentrations  [230]  and  [231 ]. 

Sauer's  theory  is  seemingly  supported  in  a  report  written  for  the 
Maine  Department  of  Transportation.  The  authors  of  the  report  state: 

...The  foregoing  results  clearly  indicate   that  tissue 
levels  of  sodium  and  chloride  were  influenced  by  the  method 
by  which  the  salt  was  applied  and  the  concentration  of  the 
salt  solution  applied.      Since  trees  receiving  foliar  applica- 
tion were  significantly  higher  in  sodium  than  when  salt  was 
soil  applied^    these  findings  would  tend  to  support  Sauer's 
observations 3   even  though  visual  injury  ratings  proved  in- 
conclusive in  the  present  study   [232] . 

"It  happens  all  too  frequently  that  a  healthy  plant  stands  next 
to  a  badly  injured  one,  or  that  the  same  plant  displays  healthy 
branches  together  with  badly  damaged  ones.  This  demonstrates  that  the 
resistance  of  plants  to  above  soil   salt  influence  is  a  highly  complex 
matter  [231]. 

There  is  more  written  on  salt  effects  from  soil  uptake  than  there 
is  about  spray  and  it  follows  that  the  ideas  should  be  more  varied. 

The  idea  that  salt  does  cause  damage  [206]  is  tempered  by  others 
who  state  that  sodium  is  not  the  total  cause  of  damage  [205],  [231  ], 
and  [225].  It  seems  fairly  well  accepted  by  many  writers  that  plants 
can  accumulate  salt,  [206],  [204],  and  [232]  that  runoff  is  a  factor 
in  contamination  [234]  and  that  salt  enters  through  root  uptake  [205] , 
[234],  [15_0],  [206"J7~and  [216].  According  to  Professor  Ruge  of  Germany, 
90  percent  of  the  trees  that  die  on  main  roads  are  poisoned  by  chloride 
absorption. 

How  salt  affects  plants  has  interested  a  number  of  researchers. 
Some  of  their  ideas  are:  Salt  reduces  the  soil's  fertility  [217] 
through  ion  exchange  or  by  upsetting  the  ion  balance  [206] .  Others  have 
written  of  the  "Syndrom  of  Sodium  Accumulation"  [207].  Some  researchers 
claim  that  salt  increases  osmotic  pressures  [225],  [230],  [206]  and 
[232]  and  can  cause  a  physiological  drought  [216]  but  others  do  not 
feel  the  osmotic  theory  is  entirely  acceptable  [206]  and  [205]. 

Other  possible  effects  of  salt  are:  Salt  stimulates  ATPase 
activity,  [232]  sodium  interfers  with  uptake  of  potassium,  [232]  salt 
slows  down  DNA,  RNA  and  cell  division,  [234]  inhibits  seed  germination; 
[222]  chloride  or  sodium  in  leaves  may  cause  injury  by  interferring  with 
normal  stomatal  closure,  causing  water  loss  [232]  and  [231  ]. 

All  of  the  previously  mentioned  may  be  partial  influences,  but 
further  research  is  needed  to  determine:  1)  what  concentrations  and 
conditions  are  required  to  cause  injury,  2)  if  a  potential  of  this 
happening  under  field  conditions  exists,  related  to  the  salt 
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concentrations,  3)  frequency  of  application  and  4)  temperatures 
prevalent  in  snow  and  ice  control. 

Factors  That  Influence  Salt  Tolerance 

There  are  a  number  of  factors  that  can  influence  roadside  vegetation 
in  addition  to  the  use  of  deicing  salts.  These  include  the  factors  that 
combine  to  make  up  (1)  the  plants  total  environment,  (2)  the  climate, 
(3)  the  individual  plants,  and  (4)  a  variety  of  external  factors. 

The  health  of  a  plant  depends  to  a  large  extent  upon  its  surround- 
ings. Some  of  the  factors  that  make  this  up  include:  the  type  of  soil, 
[206],  [238]  and  [232]  the  amount  of  organic  material  present,  [222]  and 
[232]  the  balance  between  soil  air  and  soil  moisture,  [238],  [225],  and 
[227]  the  drainage,  [206],  [238],  [232])  and  [208]  and  the  level  of  the 
water  table  [231 ].  Plants  along  the  roadside  have  other  special  condi- 
tions to  contend  with  including  increased  wind  exposure,  both  natural 
[230],  and  [232]  and  from  passing  traffic  [230]  and  [236],  exhaust 
fumes  [208],  compacted  soil  [238]  and  [208]  and  general  maintenance 
[150]. 

Climate  is  also  a  major  factor  in  a  plant's  health  or  lack  of  it 
[206],  [232],  [225]  and  [222].  Soil  temperature,  snowfall  and  rainfall 
all  have  an  influence  [206J7  [238],  [222],  [231]  and  [232]. 

The  individual  plants  and  their  ability  to  grow  in  a  roadside 
environment  is  a  very   important  variable  [206]  and  [238] .  Among  the 
factors  that  influence  a  plant's  ability  to  survive  in  addition  to  a 
tolerance  to  salt  are:  an  ability  to  translocate  sodium  to  the  leaves 
[206],  a  large  root/ top  ratio  [238],  the  ability  to  withstand  high 
osmotic  pressures  [238]  and  the  age  of  the  plant  [231 ]. 

Some  external  influences  that  can  affect  plant  life  are:  the  amount 
of  salt  applied  [227]  and  [232] ,  and  the  presence  of  disease  [231 ]. 

Tolerances  of  plants  to  sodium  chloride  have  been  given  some  atten- 
tion in  the  literature,  but  practically  none  has  been  given  to  tolerances 
to  other  deicing  agents.  Table  33  in  the  appendix  (page  227)  is  a 
compilation  of  the  works  of:  The  Michigan  State  University  -  Depart- 
ment of  Horticulture  [216],  Field,  Struzenski,  et.  al .  [221_]  University 
of  Minnesota  -  Department  of  Horticultural  Science,  [231  J" Carpenter, 
[204]  Sauer  [230]  Hanes,  Zelanzy,  et.  al . ,  [243]  Drysdale  and  Benner, 
[Z2F]  Butler,  [150]  Burns tein,  [253]  Roberts  and  Chittenden,  [238] 
Prior  and  Berthouex,  [224]  and  the  authors  of  [234]  and  [251  ].  ft  is 
recommended  that  salt  resistant  plants  be  used  alongside  roadways  to 
lessen  the  chance  of  salt  induced  mortality. 

Water 

There  can  be  little  doubt  that  salt  has  the  potential  to  contaminate 
water.  New  Hampshire  has  had  to  replace  two  hundred  roadside  wells  due 
to  highway  salts  [210]  and  [208]  and  Massachusetts  has  had  even  greater 
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problems  as  the  following  case  history  demonstrates  ... 

In  Goshen,    salt  contamination  has  made  private  water 
supplies  unusable.      Motor  vehicle   traffic  moving  from  the 
Connecticut  River  Valley  up  into   the  Berkshire  Hills 
passes  through  this  dairy  and  lumber  town  of  about  500 
people  on  Mass.   Route  9. 

Goshen  sits  on  top  of  a  geological  pocket  having 
little  or  no  drainage.      The  rock  formation,    which  contains 
no  natural  salt3    funnels  drainage  from  the  surface  into  the 
ground  water.      Historical  records  as  well  as  tests  of  water 
elsewhere  in  the  area  show  that  the  natural   level  of 
chloride  is  about  five  mg/l.      However,   water  located  next  to 
the  highway  and  serving  the  center  of  Goshen,    is  now 
contaminated  by  chloride   levels  ranqinq  from  ZOO  to  2,675 
mg/l   [208]. 

The  outlook  for  the  future  may  broaden  noticable  water  contamina- 
tion, as  is  evidenced  by  the  quantities  of  salt  used. 

Nationally  the  increase  in  use  of  deicing  salts  has  been  nearly 
exponential,  with  a  doubling  of  salt  applications  about  every   five 
years  [210], 

Under  severe  drought  conditions  salt  concentrations  cause 
contamination  to  be  more  pronounced  [208]  and  [203].  Salts  derived 
from  deicing  applications  disrupt  natural  saline  concentrations  in 
localized  wells,  ponds,  reservoirs,  streams  and  ground  water  flows 
[206],  [208]  and  [245], 

Salt  does  have  the  potential  to  contaminate  water,  but  salts  are 
a  natural  element  in  the  environment  and  concentrated  salt  pockets  do 
not  necessarily  originate  as  a  consequence  to  highway  related  activities. 
All  ground  water  contains  a  certain  amount  of  natural  salt  [204] .  Some 
researchers  feel  that  domestic  sewage,  sulphates  and  other  industrial 
wastes  have  a  greater  impact  than  street  salting  [204]  and  [210].  For 
this  reason,  Hanes,  Zelanzy,  et.  al .  recommend  that  highway  agencies 
should  not  accept  sole  responsibility  for  monitoring  salt  contents  of 
streams  [206],  One  study  has  demonstrated  that  highway  salts  account 
for  only  eleven  percent  of  the  chloride  found  in  Lake  Erie  [204]  and 
[207],  Carpenter  states  that  it  is  doubtful  that  highway  salt  applied 
directly  to  highways  will  pose  any  threat  to  ground  water  pollution 
[204],  This  may  be  true  of  ground  water  in  general,  however  one  access 
spot  to  ground  waters  may  have  detrimental  effects  several  miles  from 
the  source  problem. 

A  major  factor  in  limiting  the  polluting  effects  of  salt  is 
dilution.   Road  salt  is  very  soluble  in  water,  and  in  solution  it  is  in 
a  stable  state  [246].  Pollution  can  be  defined  as  the  amount  of 
chemical  related  to  the  amount  of  water  present  [201  ] .  The  more  water 
present,  the  less  amount  of  contamination.  There  are  other  factors  to 
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take  into  consideration,  such  as  soil  permeability  and  soil  moisture 
[222],  [246]  and  [206]  but  over  all  the  adverse  effects  of  salt,  when 
found  will  generally  be  confined  to  an  area  near  the  source  of  salt 
[248],  [218],  [230],  [206]  and  [251].  Dilution  of  salt  in  the  environ- 
ment is  demonstrated  by  the  following  findings  of  Dr.  Hutchinson.  He 
has  shown  that  shallow-dug  wells  within  5  meters  (fifteen  feet)  of 
salted  highways  contain  between  a  trace  and  461  mg/1  chloride.  Wells 
less  than  15  meters  (50  feet)  from  the  highway  averaged  174  mg/1 
Streams  are  reported  to  contain  27-255  mg/1  chloride,  whereas  ponds 
contained  41-110  mg/1,  medium  to  good  sized  lakes  (1.5-3  miles  cir- 
cumference) 31-101  mg/1,  rivers  8-24  mg/1,  and  the  Great  Lakes  23  mg/1 
[248] . 

Although  salt  is  applied  only  a  few  months  of  the  year,  one  of  its 
effects  on  water,  increased  chloride  content  is  noticeable  throughout 
the  year  [248],  [203],  [253],  [215],  [218],  [206]  and  [204].  There 
has  been  some  discussion  about  the  possibility  of  salt  accumulating  from 
one  year  to  the  next.  The  studies  that  have  been  done  have  demonstrated 
both  possibilities.  This  is  probably  to  be  expected  because  of  the 
number  of  variables  that  have  an  influence.  For  example,  the  type  of 
water  body  (lake,  pond,  stream,  etc.)  its  depth,  volume  of  flow,  and 
soil  composition  all  have  an  influence,  to  name  only  a  few. 

The  following  graphs  demonstrate  the  variations  in  findings.  Figure 
79  illustrates  a  marked  yearly  increase  in  chlorides;  Figure  80  shows  a 
seasonal  variation,  but  very   little  annual  accumulation. 

Questionnaires  used  by  Thuet  [195],  asked  about  any  environmental 
damage  that  had  been  experienced  due  to  deicing  chemicals.  Responses 
were  comprehensive  in  that  federal,  state  and  local  governments  were 
polled  in  addition  to  universities,  noted  authorities,  special  interest 
groups  and  independent  consultants  associated  with  deicing  salts  and/or 
environmental  protection. 

The  results  show  a  majority  of  the  states  polled  have  suffered 
some  damage  due  to  salt.  Figure  81  identifies  the  states  where  damage 
was  reported. 

There  are  two  potential  sources  of  damage  to  the  environment  from 
salt;  they  are  road  application  and  inadequate  storage.  Of  all  the 
damage  reported,  that  attributed  to  improper  storage  had  the  greatest 
economic  impact  upon  the  environment. 

As  can  be  seen  by  an  examination  of  Table  29,  of  the  forty 
incidents*  reported  nineteen  were  attributed  to  improper  storage. 
Although  this  represents  less  than  fifty  percent  of  the  number  of  cases 


*There  are  actually  more  than  40  incidents  represented,  because  some 
states,  such  as  Connecticut,  reported  that  more  than  one  well  had  been 
damaged,  but  neglected  to  state  how  many. 
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reported,  storage  related  costs  account  for  well  over  eighty  per  cent 
of  the  money  spent  to  correct  salt  related  damage. 

For  example,  Michigan  reported  that  they  spent  between  $50,000  and 
$150,000  for  each  occurrence  of  well  damage,  not  including  court  costs, 
which  during  the  past  three  years  have  totaled  $88,000  and  an  additional 
expenditure  of  $1,207,000  to  improve  existing  salt  storage  facilities. 
New  Jersey  reported  that  they  have  spent  $150,000  to  date  on  salt 
storage-related  damage,  and  Maryland  has  spent  $86,000.  Other  states 
reported  they  had  experienced  damage,  and  noted  that  the  costs  included 
replacement  or  flushing  of  wells,  removal  or  covering  of  material 
stockpiles  and  court  costs  without  itemizing  dollar  amounts. 

The  damage  reported  from  road  application  is  of  a  far  smaller 
magnitude.  The  related  dollar  costs  either  took  the  form  of  the  per- 
cent of  the  re-seeding  budget  spent  on  replacement  of  plants  due  to  salt 
kill,  or  a  flat  dollar  amount,  often  expressed,  as  Illinois  did,  in 
cost  per  mile  ($50  to  $500  to  rectify  erosion).  Most  states  reported 
that  damage  from  road  application  was  minor;  it  occurred  within  15  meters 
(fifty  feet)  of  the  highway  and  did  not  result  in  any  direct  costs 
(except  possibly  some  cost  to  the  roadside  aesthetics). 

Concl usion 

The  literature  search  and  questionnaire  returns  [195]  reveal  that 
deicing  salts  can  and  are  responsible  for  environmental  damage,  as 
a  quick  glance  at  Figure  81  will  demonstrate.  States  reporting 
environmental  damage  constitute  a  majority  of  the  salt-using  states. 
This  appears  to  be  very   serious,  however  the  damage  resulting  from  road 
application  is  isolated  and  usually  minor.  Damage  induced  from  improper 
storage  can  be  controlled  by  upgrading  stockpile  procedures.  Table  29 
illustrates  the  states  reporting  damage  from  road  application. 
Figure  82  relates  the  distance  from  salt  source  to  the  damage  and  the 
salt  apDlication  rate.  Although  very  few  states  reported  the  actual 
costs  involved,  the  few  who  did  expressed  it  in  proportionment  of  their 
re-seeding  budget.  Usually  this  figure  was  between  one  to  five  percent. 

The  economic  impact  from  snow  and  ice  control  to  the  natural 
environment  is  a  complex  topic.  Salt,  when  applied  to  the  road,  can  be 
the  primary  agent  of  environmental  degradation,  but  it  seems  to  be  more 
usual  that  the  salt  acts  as  a  catalyst  or  an  accelerator  where  a 
potential  for  damage  already  existed,  either  due  to  soil  conditions, 
wind,  lack  of  water,  animal  damage  or  other  factors. 

The  damage  caused  by  inadequate  storage  is  a  different  type  of 
damage,  in  that  its  consequences  are  far  more  costly  and  is  much  more 
easily  avoided. 
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CHAPTER  VI 
Roadway  Damage 

by:  Joseph  Leatham 


The  performance  or  life  expectancy  for  most  roadway  delineation 
systems  is  a  function,  both  directly  and  indirectly,  of  snow  and  ice 
control  operations.  The  principle  delineation  systems  [422]  considered 
for  examination,  to  determine  some  of  the  detrimental  effects  from  snow 
and  ice  control  are:  pavement  markings,  post  delineators,  raised  pave- 
ment markers,  rumble  stripes  and  curbs  [422]. 

Standard  striping  paint,  with  or  without  reflectorizing  beads,  is 
the  most  commonly  used  pavement  marking  material  on  highways.  Thermo- 
plastics are  gaining  acceptance  in  urban  areas,  where  there  are  high 
volumes  of  traffic.  Specialized  situations  may  also  call  for  thermo- 
plastics. The  relatively  high  cost  of  thermoplastic  striping 
(approximately  fifteen  times  that  of  paint  striping)  has  discouraged  its 
general  acceptance  on  rural  highways  [239]. 

Post  delineators  and  snowpoles  of  various  forms  and  shapes  are  used 
widely  throughout  the  United  States;  they  are  effective  during  nighttime 
and  during  inclement  weather  when  standard  pavement  markings  are 
ineffective.  However,  post  delineators  are  used  only  as  a  supplement  to, 
and  not  as  a  replacement  for,  standard  pavement  markings. 

Although  a  wide  variety  of  raised  pavement  markers  are  being  used, 
no  single  marker  has  been  developed  that  is  suitable  for  both  daytime 
and  nighttime  use.  At  least  two  firms  are  developing  raised  pavement 
markers  suitable  for  areas  requiring  snow  removal,  but  adequate  field 
evaluations  are  not  yet  available. 

Raised  pavement  markers  cost  about  twice  as  much  as  paint  during 
the  first  year,  but  the  costs  are  about  equal  when  pro-rated  over  a 
ten  year  period.  Life  expectancy  of  the  raised  pavement  markers  is 
three  to  ten  years  on  the  average  depending  on  type,  traffic  volumes, 
environmental  conditions,  etc. 

There  are  no  "standard"  rumble  strips  but  several  variations  have 
been  used  in  experimental  programs  and  in  limited  applications 

Curbing,  as  such,  does  not  provide  adequate  delineation  unless 
supplemented  with  additional  treatments,  such  as  reflectorized  paint, 
curb-mounted  reflectors,  or  low-intensity  lights.  Due  to  their  nearness 
to  the  traveled  way,  these  supplemental  treatments  are  subject  to  road 
film,  with  subsequent  diminishing  of  their  reflectivity.  Low-intensity 
lights  are  probably  least  affected  by  environmental  conditions,  but  are 
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more  costly  than  the  other  treatments. 

Regardless  of  the  material  used,  pavement  markings  are  adversely 
affected  by  inclement  weather.  In  snow  they  are  completely  obstructed 
and  in  wet  weather  their  effectiveness  is  greatly  reduced.  Any  sub- 
stantial amount  of  water  on  the  pavement  will  cover  the  beads  of  beaded 
paint  stripes,  and  seriously  impair  their  reflectivity.  Because  of 
this  adverse  environmental  effect,  traffic  engineers  have  utilized  post 
delineators  and  other  raised  markers  for  supplemental  delineation. 
Many  states  have  expressed  the  desire  for  all-weather,  all-purpose 
delineators  that  could  be  placed  on  the  pavement  [422], 

It  appears  that  the  effect  of  improved  delineation  treatments  would 
be  used  most  widely  in  those  portions  of  the  United  States  that  are 
subject  to  snowfall.  These  areas  were  identified  as  lacking  in  proper 
delineation,  creating  locations  experiencing  a  high  number  of  accidents 
[422]- 

During  snow  conditions,  pavement  markings  become  totally  ineffective 
because  they  are  then  completely  covered  or  their  visibility  is  seriously 
impaired.  Snow  removal  operations  using  deicing  salts  have  a  deleterious 
effect  on  the  life  of  pavement  markings  [255]. 

Pavement  Paint  Stripes 

Mechanical  abrasion  from  snowplowing  and  other  equipment  can  cause 
a  great  deal  of  stripe  damage.  Thick  stripes  suffer  more  from  snowplow 
damage  than  do  thin  stripes  and  edgelines  suffer  more  than  do  centerline 
stripes.  Raising  the  snowplow  could  reduce  this  type  of  damage  but 
then  the  danger  from  slick  pavements  still  remains  because  the  snow  is 
not  completely  removed. 

The  problem  is  that  at  present,  conventional  traffic  markings  have 
[254]  a  relatively  short  service  life.  The  widespread  use  of  studded 
tires  adds  an  additional  burden  on  these  already  overworked  materials. 

Pavement  markings  perform  an  important  function  in  traffic  control 
in  that  they  are  able  to  convey  warnings  and  information  to  the  driver 
without  diverting  his  attention  from  the  roadway  [240].  They  are  used 
to  supplement  the  warnings  and  information  conveyed  by  other  devices 
such  as  traffic  signs  and  signals  [241].  In  other  instances,  they 
obtain  results  solely  on  their  own  merits,  that  cannot  be  obtained  by 
the  use  of  any  other  device  [254].  Studded  tires,  when  they  pass  over 
a  paint  stripe,  fracture  some  of  the  beads  and  render  them  useless  [242]. 

State  highway  officials  have  indicated  that  painted  lines  rarely 
last  more  than  a  year,  and  in  states  subjected  to  a  winter  environment, 
paint  lines  quickly  fade  during  the  winter  season  [258].  New  Hampshire 
reported  that  they  tend  to  use  less  expensive  paints  on  open  highways 
because  even  the  better  paints  do  not  last  through  the  winter  [422 ] . 
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Costs 

The  following  pavement  marking  costs   figures  are  based  on  a  nation- 
wide survey  conducted  by  Chaiken  in  1969  [239].      In  this  survey,  he 
found  the  average  cost  for  a  continuous  nine  centimeter  (four  inch)   line 
to  be  $0,022   per  30  cm  (foot).     The  wide  range  of  costs   is  probably  due 
to  different  accounting  practices,  materials  used,  and  painting 
operations.     The  service  life  can  vary  considerably  and  is  greatly 
influenced  by  the  climate.     States  experiencing  heavy  snow  usually 
cannot  expect  more  than  six  months  of  service,  whereas   those  without 
snowfall    indicate  that  paint  can  sometimes   last  more  than  a  year. 

The  life  of  thermoplastic  paint  is  greater  when  applied  on 
bituminous  surfaces  than  on  concrete  surfaces,  and  is  also  greater  for 
non-snow  states.     Thermoplastics  have  not  been  used  extensively  on  rural 
roads  because  of  their  higher  costs   [239]. 

Post  Delineators 

Post  mounted  delineators  help  outline  the  edge  of  the  roadway 
during  nighttime  and  heavy-snow,  winter  driving.     These  delineators 
usually  consist  of  reflector  units  of  glass,  plastic,  or  reflective 
sheets,  mounted  on  a  vertical   support. 

It  is  commonly  understood  that  post  delineators  are  retroreflecti ve 
markers  placed  on  wood  or  steel   posts  and  located  just  outside  the  right 
or  left  shoulder  edge.     The  delineators   receive  their  reflectivity  by 
returning  an  incoming  light  ray  in  an  opposite  and  nearly  parallel 
direction.     The  delineators  are  normally  placed  from  one  meter  to  a 
meter  and  a  half  (three  to  four  feet)   above  the  pavement,  making  them 
visible  at  night  and  during  inclement  weather  when  pavement  markings 
become  ineffective  [422]. 

The  actual   delineator,   if  kept  clean,  normally  has  a  long  life. 
But  frequently  delineator  reflectors   and  posts   are  prematurely  destroyed 
when  vehicles  and  snow  removal   equipment  encroach  on  the  shoulder  of  the 
road.     New  Hampshire  reported  that  on  the  average  50  percent  of  their 
delineators  needed  repair  or  replacement  during  each  winter  season. 
During  the  especially  severe  winter  of  1968-69,   75  percent  of  New 
Hampshire  post  mounted  delineators  received  some  sort  of  damage. 

The  installed  cost  for  post-mounted  retroreflecti ve  delineators 
ranges  from  a  low  of  $3.00  to  a  high  of  more  than  $5.00  each.     The 
range  is  attributed  to  the  different  types  of  posts  and  reflectors 
available.     The  service  life  of  a  post  delineator  is  not  easily 
determined;   it  is   not  a  direct  function  of  time  and  traffic  wear  as   in 
the  case  of  paint.     Damages  usually  arise  from  snowplowing  operations, 
shoulder  encroachment  of  vehicles,  and  vandalism  [422].     States  with 
heavy  snow  have  experienced  a  fifty  percent  or  more  replacement  factor 
each  year.     The  figures   for  five  years  are  based  on  a  replacement  factor 
of  twenty  percent  and  a  spacing  of  61   meters    (200  feet)   which   is  normal 
for  tangent  sections   [422]. 


171 


Raised  Pavement  Markers   (RPM) 

The  principle  advantage  of  raised  pavement  markers   is  that  they 
provide  both  near  and  far  delineation,  limited  somewhat  by  the  vertical 
profile  of  the  road.     As  compared  with  painted  lines  for  near  delinea- 
tion, raised  markers  provide  increased  visibility,  particularly  on 
rainy  nights.     But,  in  areas  where  snowplows  operate,   the  standard  types 
are  often  destroyed  [422]. 

Markers  are  still    in  the  developmental   stage,  but  most  of  the  snow- 
free  states  have  installed  at  least  a  few  test  sections;  California  has 
installed  several   million  raised  markers   [422J. 

The  common  markers  cannot  be  used  where  snowplows  operate  and 
studded  tires  are  used.     Although  a  few  commercial    firms  are  working 
on  this   problem,  a  totally  satisfactory  snowplowable  marker  (cost  and 
performance)   is  not  yet  available  [422]. 

Most  markers  are  attached  by  epoxy  adhesive,  but  some  are  bolted; 
the  snowplowable  type  are  generally  set  into  the  pavement.     They  can  be 
attached  to  asphaltic  concrete  pavements  or  portland  cement  concretes. 
The  pavement  must  be  clean  and  usually  is  sandblasted  to  remove  dirt, 
oil,  and  grease  before  attaching.     Epoxy  adhesives  are  very  strong  and 
generally  the  removal   of  a  marker  will   damage  the  concrete  (the  bond 
is  stronger  than  the  concrete).     Special   equipment  has  been  designed  to 
facilitate  installation  of  markers   [422]. 

As  indicated  earlier,  snow  removal   presents  special   problems 
because  the  snowplow's  blades  tear  the  markers  loose.     Several   groups 
are  working  to  solve  this   problem.     Stanford  Research   Institute  has 
developed  a  raised  pavement  marker  with  a  low  profile  that  they  believe 
should  be  less  subject  to  snowplow  damage  and  also  not  require  removal 
for  resurfacing  [257]. 

Spring-loaded  and  rubber-edge  plow  blades  are  being  tried,  but 
chemical   snow  removal   seems  to  be  the  better  solution  in  areas  of  light 
snowfall.     Washington  has  also  experimented  with  snowplows  with  a 
polyurethane  edge  [135]. 

Special   markers  are  being  designed  to  withstand  the  snowplow  blade. 
Stimsonite's  marker  (a  reflex  unit  in  a  steel   casing)   is  being  tested  in 
Pennsylvania  and  New  Jersey.     A  few  of  the  Traffic  Standard,   Inc., 
markers    (a  reflective  unit  placed  in  a  plastic/rubber  housing)   have  been 
installed  in  New  Jersey  to  test  their  durability  [422]. 

Another  approach  to  the  snowplow  problem  is   to  specify  the  use  of 
rubber-edged  snowplow  blades.     This  has  met  with  resistance  from  main- 
tenance personnel,  however,  and  there  is  considerable  doubt  whether  this 
will   be  a  satisfactory  solution   (See  Chapter  3)   [135]. 

Studded  tires  damage  all   markers  to  some  degree.     Pitting  is 
greater  on  ceramic  markers;  scratching  is  greater  on  reflective  markers; 
a  skidding  studded  tire  gouges  all   markers   [257]. 
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Formed  in-place,  wet  reflective  markers  with  0.25  inch  diameter 
beads  embedded  in  a  pigmented  epoxy  base  are  severely  damaged  by  steel 
snowplow  blades,  studded  tires,  and  chains. 

When  widespread  application  is  considered,  raised  pavement  markers 
on  the  center  line  provide  the  most  merit  per  dollar  of  investments. 
However,   if  the  budget  is   limited,  it  may  be  more  desirable  to  provide 
painted  center  lines  over  more  curves  as  the  merit/cost  ratio  is  nearly 
the  same  and  the  investment  per  site  is  much  less.     On  the  other  hand, 
if  painted  center  lines  are  already  provided  and  replacement  by  raised 
pavement  markers  is  not  feasible   (perhaps  snowplows  operate  in  some 
parts  of  the  state),   the  addition  of  post  delineators  to  the  outsides 
of  the  curves  will    provide  a  very  strong  treatment  with  a  high  merit/ 
cost  ratio  [422]. 

A  wide  variety  of  raised  pavement  markers  is  available;  unit  costs 
range  from  a  low  of  $0.25  each  for  non-reflective  markers   to  $1.25  or 
more  for  reflective  markers.     Snowplowable  markers  cost  from  $3.00 
to  $5.00+  each.     The  life  of  the  markers  for  non-snow  states  appears   to 
be  between  three  and  five  years,  with  a  loss   replacement  factor  of  about 
ten  percent  per  year  [422]. 

Rumble  Strips 

Rumble  strips  are  intended  to  alert  the  driver's  visual,  auditory, 
and  tactile  senses  simultaneously.     Research  has  shown  that  brake 
reaction  time  is  faster  with  an  audible  stimulus   than  with  a  visual 
stimulus  alone.     Further  reductions  in   reaction  time  have  been  noted 
when  the  stimulus  effects  more  than  one  sensory. 

Most  installations  of  rumble  strips  have  been  experimental    to  date. 
When  placed  longitudinally,   they  are  used  to  both  delineate  and  define 
the  edges  of  the  roadway.      In  addition  to  providing  a  rumble  effect  if 
the  driver  should  stray  from  the  roadway,  they  are  more  visible  than 
regular  traffic  paint  during  inclement  weather  [422]. 

On  very  sharp  curves  where  an  accident  problem  exists,  use  of  trans- 
verse rumble  patches  is   recommended.     Patches  consisting  of  a  series  of 
transverse  spray  thermoplastic  strips,  thirteen  cm  (six  inches)  wide  with 
thirteen  cm  (six  inch)   spacings,  are  effective  and  not  objectionable. 
These  lines  hold  up  well    under  snowplowing.     A  set  of  three  of  the 
patches  on  each  approach  is  suggested  [422]. 

It  was  found  that  the  rumble  strips   required  considerable  mainten- 
ance and  periodic  patching  when  cationic  asphalt  emulsion  was  used  as 
the  bonding  agent.     Chemicals  had  to  be  used  to  remove  snow  and  ice 
during  the  winter  because  snowplow  blades  damaged  the  strips.      It  is 
theorized  that  the  use  of  epoxy  resins  would  bring  the  amount  of 
maintenance  down  to  a  reasonable  level    [422]. 


173 


Rumble  strips  are  applied  in  several   ways.     The  most  common 
treatment  consists  of  stone  chips  bound  by  some  type  of  adhesive  mix- 
ture, or  simply  a  one  cm  (1/2  inch)   layer  of  bituminous  concrete.     The 
average  cost  of  this  type  of  application  is  about  $2.00  per  .836  square 
meter  (square  yard).     A  service  life  of  five  years  can  be  expected  in 
most  cases,  with  little  or  no  maintenance.     Hence,  the  total   cost  for 
five  years  is  the  same  as  the  initial   installation  cost.     Another  type 
of  rumble  strip  is  scored  concrete.     Although  it  has  been  placed 
transversely  across  the  pavement,  it  is  generally  used  for  median 
sections  running  longitudinally.     This  application  has  an  average  cost 
of  about  $4.00  per  30  cm  (foot)   for  a  1.2  meter  (four-foot)  wide 
stripe.     Again,  little  maintenance  is   required  during  a  long  service 
life;  sweeping  or  some  other  type  of  cleaning  will   be  required  where 
sand  or  cinders  are  used  for  anti-skid  control   on  icy  pavements  or 
when  other  loose  material   is  present  on  the  roadway  [422]. 
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CHAPTER  VII 
Vehicle  Corrosion  l394] 

by:  Michael  C.  Belangie 


Vehicle  corrosion  is  a  worldwide  phenomenon  influenced  by  geo- 
graphy, atmospheric  conditions,  owner  care,  automotive  manufacturing 
practice,  deicing  methods,  and  governmental  policies.  Corrosi veness 
of  the  environment  varies  from  marginal  in  dry,  clean  air  environments 
to  extremely  corrosive  in  heavily  air  polluted,  hot,  maritime  regions. 

The  degree  of  corrosiveness  to  which  a  vehicle  will  be  subjected 
is  determined  primarily  by  the  location  in  which  the  vehicle  is 
operated.  Climatic  conditions;  proximity  to  bodies  of  water,  and,  to 
a  substantial  degree,  industrial  pollution  and  deicing  salt  applications 
are  inherent  characteristics  of  a  given  geographic  area.  Although 
each  of  the  characteristics  cited  contributes  to  corrosion,  it  is  only 
when  they  are  viewed  as  a  group  that  the  level  of  corrosiveness  of 
the  area  can  be  compared. 

Governmental  policy,  as  it  affects  air  pollution  and  deicing  salt 
use,  is  the  major  manipulatable  element  available  to  alter  the  corrosive- 
ness of  a  given  environment.  Fromme's  work  (1_85)  in  Canada,  described 
a  fourfold  increase  in  corrosion  rate  when  comparing  atmospheric 
corrosion  between  a  rural  farming  area  and  a  heavily  industrialized 
district.  Both  the  American  Public  Works  Association  (186)  and  Fromme 
(185)  described  a  twofold  increase  in  corrosion  rate  as  a  result  of 
deicing  salt  usage. 

The  atmosphere  is  both  the  principle  moderator  and  the  source  of 
the  corrosion  process.   It  supplies  two  of  the  three  constituents  - 
oxygen,  water  and  metal  -  which  are  required  for  corrosion  to  take  place. 
In  addition,  climatic  conditions  serve  to  either  accelerate  or  decelerate 
the  corrosive  process.   For  instance,  corrosion  rate  approximately 
doubles  for  each  ten  degree   Celsius   (18  degrees  Fahrenheit)  rise  in 
temperature  above  zero  degrees  C  (32  degrees  F).  If  the  relative 
humidity  is  below  fifty  percent,  the  corrosion  rate  is  negligible. 
Between  50  percent  and  70  percent  relative  humidity  there  is  a  critical 
humidity  level,  the  exact  level  differs  from  metal  to  metal,  but  once 
this  level  is  passed  corrosion  rate  increases  rapidly. 

Dissolved  oxygen  content  in  solutions  is  primarly  a  function  of 
temperature  and  solution  agitation.   In  the  former  instance  oxygen 
level  drops  with  increasing  temperature,  tending  to  slow  the  reaction. 
Agitating  the  solution  encourages  the  dissolution  of  oxygen  which  tends 
to  maintain  or  accelerate  the  reaction  rate. 

175 


Air  pollutants  in  the  form  of  oxides  of  sulphur,  carbon  and 
nitrogen  as  well  as  hydrocarbons  and  ozone  comprise  the  principle 
molecules  acting  as  accelerators  or  catalysts  in  the  corrosion  process. 

Airborne  chloride  compounds  are  typical  of  coastal  regions  where 
salt  crystals  are  one  of  the  principal  sources  of  nuclei  around  which 
raindrops  form.  This  effect  may  be  a  significant  factor  contributing  to 
the  high  rate  of  corrosion  in  these  areas. 

Corrosion  is  neutralized  when  the  solution  is  frozen.  If  the 
solution  is  prevented  from  freezing  by  a  lowering  of  the  freezing  point 
then  the  additional  corrosion  is  a  function  of  the  combination  of 
elements  lowering  the  eutectic  point.  However,  as  indicated  earlier, 
at  low  temperatures  the  process  proceeds  more  slowly. 

The  chloride  ion  attacks  metal  in  three  ways.  Its  most  destructive 
aspect  is  the  ions  mobility  -  its  ability  to  penetrate  existing  oxide 
deposits  thus  continuing  the  corrosive  process.  The  other  two  aspects 
of  the  chloride  ion  are  electrolytic  activity  and  the  lowering  of  the 
eutectic  point  (freezing  point  of  the  solution).  These  traits  it  shares 
with  other  ions  such  as  SO's,  NO's,  CO's  as  well  as  the  whole  spectrum 
of  soluble  salts. 

Highway  maintenance  practice  contributes  to  the  vehicle  corrosion 
problem  in  two  ways:   1.  deicing  salts  (sodium  chloride  and  calcium 
chloride)  are  by  far  the  major  contributors;  2.  dust  control  agents, 
particularly  calcium  chloride,  are  used  on  a  limited  number  of  unpaved 
rural  roads,  and  are  a  secondary  contributor. 

The  automotive  manufacturer  determines,  via  his  design,  materials, 
and  manufacturing  techniques,  the  degree  to  which  his  product  can  resist 
the  corrosive  factors  in  the  environment.  His  ability  to  do  this  is 
directly  related  to  the  availability  of  corrosion  resisting  materials 
and  processes  that  are  economically  available  to  him;  and  that  can  be 
incorporated  economically  into  his  capitalization  and  plant  renovation 
programs  as  affected  by  his  overriding  criteria  -  to  maintain  his 
competitive  stance  and  not  overprice  his  product. 

The  owner  who  drives  his  vehicle  in  a  relatively  air  polluted 
environment;  uses  highways  on  which  deicing  salts  are  applied;  and  then 
parks  his  car  in  a  heated  garage,  is  subjecting  his  vehicle  to  an 
intensely  corrosive  environment.  As  the  temperature  and  the  relative 
humidity  of  the  garage  rise  and  the  electrolytes  are  freed  from  their 
frozen  state,  the  corrosive  process  moderated  by  the  temperature  and 
relative  humidity  of  the  garage,  accelerates  rapidly  [237  ]. 

Chemical  inhibitors,  added  to  deicing  salts,  have  been  extensively 
evaluated.  The  consensus  of  opinion  is  that  under  field  conditions  they 
are  ineffective.  The  tehcnical  Practices  Committee  of  the  National 
Association  of  Corrosion  Engineers  stated  in  Technical  Publication 
3N175  (187)  "there  appears  to  be  no  easy  and  effective  way  to  inhibit 
the  corrosion  of  autobody  steel  by  adding  chemicals  to  deicing  salts 

176 


or  to  the  streets  directly." 

"Increased  depreciation  cost,  resulting  from  corrosion  damage,  and 
in  particular,  damage  resulting  from  deicing  salts,  are  extremenly 
difficult  to  assess  for  the  average  automobile."  (187)  Particularly 
since  the  relative  extent  of  the  corrosion  damage  caused  from  air 
pollutants,  variations  in  manufacture,  humid  environments,  deicing 
chemicals,  etc,  are  difficult  to  differentiate.  But  this  has  not 
prevented  the  use  of  high  projected  corrosion  costs,  to  the  vehicle 
owner,  from  being  bandied  about  in  professional  meetings  and  the  floors 
of  various  legislatures.  Multiple  references  in  professional  journals, 
legislative  reports  and  media  sources  refer  to  a  $100.00  per  year  cost 
in  vehicle  damage  due  to  corrosion  [233],  [235]. 

It  has  been  widely  quoted  that  corrosion  damage 
devalues   the  average  automobile  by  about  $100  annually . 
The  widespread  use  of  this  number  is  regrettable  because 
it  was  not  derived  on  the  basis  of  an  economic  study.      The 
"$100  annual   loss"  was  simply  estimated  and  should  not  have 
been  construed  in  anyway  as  being  quantitative  or  even  semi- 
quantitative  [187']. 

Based  on  the  year  this  number  was  introduced,  the  "present  worth" 
for  1976  would  show  an  average  of  $185.09*  per  year  for  vehicle  corrosion. 
The  application  of  this  kind  of  damage  cost  to  vehicles  to  be  manufactured 
in  the  late  70's  and  early  80's  is  extremely  questionable  when  consider- 
ing a  statement  by  a  principal  metal  coating  manufacturer  that  "the 
additional  cost  of  coating  all  the  uncoated  steel,  approximately  230 
kilograms  (500  pounds,)  with  a  patented  sacrificial  zinc  plating  would 
cost  about  $35.00  per  vehicle."  (1_88)  This  coating  has  performed 
better  than  either  galvanized  steel  or  zinc  rich  primers  in  salt  fog- 
chamber  tests;  and  is  presently  being  incorporated  into  both  GMC  and 
Ford  products.   It  is  expected  to  yield  a  minimum  corrosion-free  life 
expectancy  of  five  years.   (189)  The  technical  basis  of  coil -coating 
is  described  in  reference  (220) . 


^Accumulated  by  eight  percent  depreciation  over  eight  years 
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CHAPTER  VIII 
Structural  Deterioration 

by:  Michael  C.  Belangie 


Introduction 


Processes  affecting  reinforced  concrete  structures  are  complex 
and  are  characterized  by  interaction  rather  than  isolation.  External 
environmental  factors  and  internal  stresses  interact  within  structures, 
both  at  the  boundary  layers  and  throughout  the  matrix  of  the  structure. 
Some  of  these  interactions  are  positive  and  contribute  to  the  strength 
and/or  life  expectancy  of  the  structure.  Others  are  negative,  causing 
deterioration  and  accelerated  aging. 

Ample  information  is  available  in  the  literature  as  to  known  and 
hypothesized  non-deicing  salt  sources  of  structural  deterioration 
(References  to  this  literature  will  generally  follow  the  section 
headings).  The  bulk  of  this  chapter  will  be  devoted  to  winter  or 
winter  maintenance  related  damage  and  its  prevention. 

Legalized  use  of  studded  tires  [259],  [260],  [261]  and  [262]  and 
winter  maintenance  activities,  specifically  the  use  of  deicing  chlorides, 
[263],  [264],  [265],  [266],  [267],  [268],  [269],  and  [270]  are  continuing 
to  have  a  significant  impact  on  structural  deterioration.  Stud  damage, 
either  to  structures  or  roadways,  is  limited  to  rutting  of  the  surface. 
However,  in  the  case  of  structures  a  reduction  in  surface  thickness  can 
reduce  the  time-to-corrosion  of  deck  reinforcing  steel.  Salt,  while 
heavily  impacting  the  decks,  is  also  affecting  critical  portions  of  the 
supporting  elements  [271],  [272],  [273],  [274],  [275],  and  [276]  ,  [391]. 

State  policy  determines  studded  tire  use,  and  indirectly,  deicing 
salt  usage;  the  latter  via  maintenance  policies.  The  legal  requirement 
to  implement  bare  roads  policy,  in  combination  with  finite  maintenance 
budgets  and  the  apparent  cost  effectiveness  of  snow  removal  by  salt, 
will  continue  to  bind  highway  maintenance  agencies  to  deicing  chlorides, 
until  a  viable  alternatefs)  (see  Chapter  3)  is  found. 

In  the  course  of  this  chapter,  its  appendices  and  references, 
statements  may  be  made  that  seem  to  imply  an  exclusive  relationship 
between  salt  (chloride)  and  structural  deterioration;  under  no  circum- 
stances should  structural  deterioration,  specifically  or  generally,  be 
considered  an  exclusive  result  or  product  of  salting.  Chlorides  are 
necessary  to  initiate  this  process.  The  degree  to  which  salting 
contributes  is  a  function  of  several  additional  factors. 

Estimates  of  structural  deterioration  costs,  due  to  deicing 
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chlorides  alone,  vary  from  $70  million  [276]  to  $500  million  [277] 
annually,  and  in  the  case  of  the  minimum  estimate,  are  predicted  to 
eventually  rise  to  $200  million  annually  [276].   If  costs  of  this 
magnitude  can  legitimately  be  assessed  against  deicing  chlorides 
then  the  cost  effectiveness  of  salting,  and  indirectly,  the  validity 
of  bare  roads  policies,  may  be  questionable.   In  a  similar  manner,  if 
studded  tires  are  to  be  allowed,  then  the  convenience  provided  to 
the  driver  by  studs  must  be  equated  against  the  cost  of  repair  to 
the  abraded  surface,  as  well  as  to  any  structural  deterioration 
attributable  to  the  broaching  of  waterproof  surfaces.* 

In  constructing  a  base  on  which  to  develop  estimates  of 
structural  damage  costs,  due  to  either  deicing  chlorides  or  any  other 
environmental  chloride  source  (calcium  chloride  used  in  the  dust 
control  [278]) ;  a  complete  recognition  and  allowance  for  the  contribu- 
tion of  other  deterioration  mechanisms  and  their  effects  must  be 
made  [278]  and  [187]. 

Water 

Of  all  the  factors  affecting  structural  deterioration,  water  is 
the  most  pervasive  [279],  [280],  and  [187J.  Absolutely  essential 
to  concrete  construction  and  curing,  water  becomes  when  in  excess, 
both  during  construction  and  for  the  life  of  the  structure,  the  princi 
pal  aggressor  on  reinforced  concrete,  particularly  in  areas  subjected 
to  freeze-thaw  conditions  [281],  Without  moisture  in  sufficient 
quantity,  neither  corrosion  of  steel  nor  deterioration  due  to  freeze- 
thaw  are  possible.   Improper  control  of  water  during  mixing,  con- 
struction or  curing  results  in  a  multitude  of  deficiencies  [280J  and 
[282]  which  weaken  the  structures  capacity  to  resist  detrimental 
environmental  factors.  The  inability  of  structural  systems  to: 
remove  water  from  the  surface,  stop  its  permeation  into  the  matrix, 
and  prevent  its  contact  with  susceptible  surfaces  will  result  in 
early  deterioration  of  the  structure  [270]  and  [283]. 

Almost  all  deterioration  mechanisms  are  controlled,  moderated 
[284]  or  assisted  by  water  [278].  Any  factor  which  reduces  a 
structure's  ability  to:  prevent  water  from  entering  the  concrete 
matrix,  shed  water  from  the  structures  exposed  surfaces,  and  prevent 
its  contact  with  unexposed  sheltered  surface,  is  detrimental  to  the 
structure  [285]  and  [286]. 

Chlorides 

Certain  chloride  ion  effects  are  specific  to  concrete.  The 


*0ther  negative  effects  of  studs  have  been  evaluated  in  an  FHWA  policy 
statement  [260]. 
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FIGURE   83!    SCALING   AND  DECK   DETERIORATE)  N  (Courtesy  South  Dakota  Department  Of  Trans- 
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FIGURE  84!   SPALLING  (Courtesy   South   Dakota  Department  Of  Transportation) 
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discernable  aspects  of  these  effects  are  described  by  the  terms 
scaling,  cracking,  delamination  and  spalling.  These  terms  describe 
physical  damage  and  are  nonspecific  to  damage  resulting  from  salting. 
In  a  typical,  unprotected  deck  the  following  sequence  of  deterioration 
might  be  expected  to  occur. 

Chlorides  -  Scaling  [287],  [288],  [289],  [290],  [291],  [2921. 
l293T7T294]TTh7T295l 

As  concentrations  of  salt  in  the  surface  wearing  layer  begin  to 
build,  the  freezing  point  of  the  surface  drops.  The  result  is  an 
intermittant  surface  layer  which  fails  to  freeze  or  freezes  after  the 
layer  below  it.  The  stresses  set  up  in  the  boundary  planes  by  the 
differential  freezing  of  the  chloride  contaminated  upper  layer, 
are  sufficient  to  initiate  and  propagate  cracking.  The  process  is 
accelerated  through  the  infiltration  of  water  into  the 

boundary  zone  via  vertical  cracks,  capillarities  and  other  dis- 
continuities. The  net  result  of  the  described  processes  is  binder 
deterioration,  internal  cracks,  small  popouts  and  a  generalized 
scabbing  of  the  affected  wearing  surface.  This  type  of  surface 
deterioration  is  referred  to  as  scaling.  Scaling  continues  at  an 
elevated  rate  as  long  as  the  surface  structure,  consisting  primarily 
of  fines, is  intact.  However,  as  the  larger  subsurface  aggregate 
is  exposed,  the  concrete  matrix  deterioration  process  slows  and 
continues  at  a  reduced  rate. 

At  some  point  in  the  time  frame,  during  which  scaling  is  active, 
a  second  process,  delamination,  resulting  directly  from  rebar 
corrosion  begins.   Depending  on  which  source  is  referred  to  [265]  and 
[296]  the  initiation  of  the  corrosion  process  leading  to  delamination 
can  begin  at  chloride  ion  concentrations  of  1.18  [269]  kilograms  and 
between  0.59  [265]  of  salt  per  cubic  meter  (1  to  2  Ibs./cu.yd)  of  concrete 

Chlorides  -  Reinforcing  Steel  Corrosion  [287],  [297],  [298],  and 
"[299] 

Reinforcing  steel  completely  embedded  in  an  intact  concrete 
matrix  can  be  encased  in  a  highly  alkaline  (pH  +  13.5)  environment 
[266],  Steel  immersed  in  a  solution  of  this  alkalinity  corrodes  at 
a  relatively  slow  rate  [300].  Chloride  salts,  regardless  of  source 
impact  the  alkaline-moderated  solution  of  the  steel -concrete  inter- 
face by  supplying  free-chloride  ions  which  act  to  partially  neutra- 
lize the  solution  [278],   (Free-chloride  ions  in  solution  are  highly 
mobile  and  readily  permeate  typical  structural  concretes.)  This 
partial  neutralization  reaction  approximates  a  threshold  reaction 
in  that  the  electrochemical  reaction  curve  rises  rapidly  with  a 
slight  decrease  in  pH  below  the  critical  pH  of  the  material.  This 
decrease  in  pH  can  be  initiated  by  a  nominal  increase  in  free- 
chloride  ion  over  the  critical  concentration  of  free-chloride 
required  for  depacif ication.  The  actual  concentration  of  chloride 
required  varies  with  the  composition  of  the  matrix. 
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In  the  typical  rebar  corrosion  reaction  one  segment  of  the  rebar 
acts  as  an  anode  and  another  segment  acting  as  the  cathode.  Both 
anode  and  cathode  segments  must  have  sufficient  free-chloride  ion 
concentrations  to  be  in  the  depacified  state  [266].*  Chemical 
modifiers  affecting  rebar  corrosion  in  concrete  have  not  been 
extensively  explored,  but  based  on  various  reports  [301]  and  [187] 
it  would  appear  that  both  buffering  effects  and  loosely-bound  metallic 
ions  associated  with  either  the  aggregate  or  the  mortar  constituents 
could  act  to  increase  the  concentration  of  free-chloride  ions 
necessary  to  produce  depacification.  Whether  or  not  increasing  free- 
chloride  ion  concentrations  will  accelerate  the  corrosion  reaction 
after  the  initial  sharp  rise  accompanying  depacification  has  not  yet 
been  quantified. 

Chlorides  -  Delamination  [287]  and  [297] 

Once  the  corrosion  mechanism  is  active  and  pressure  generated  by 
the  corrosion  products  build,  the  concrete,  unable  to  withstand  the 
pressures  generated,  (in  excess  of  316  kg/cm^  [4500  psi ] )  cracks. 
(Iron  oxide  corrosion  products  produce  a  volume  approximately  2.2 
times  greater  than  original  steel)  [302].  Normally  a  vertical  crack 
will  form  above  the  rebar,  while  a  horizontal  crack  is  initiated  in 
the  plane  of  the  rebar.  Freeze-thaw  in  conjunction  with  surface  water 
entering  the  crack  system  plus  additional  stress  from  fatigue 
mechanisms  and  traffic  loading  impacts  causes  rapid  expansion  of  the 
fracture  planes;  intersection  of  the  resultant  crack  systems  initiates 
spalling. 

Chlorides  -  Spall ing  [287],  [269],  [297],  [303],  [304],  and 
[291] 

The  spall  then  is  the  next  major  phase  of  deterioration  [305_] 
and  [306].  "Spalling  usually  occurs  near  or  over  reinforcing  steel 
with  portions  of  concrete  removed,  revealing  roughly  horizontal  or 
inclined  fractures.  Concrete  is  often  gone  from  areas  not  directly 
over  bars  but  associated  with  them.  A  vertical  crack  may  be  present 
over  the  bars"  [296].  Once  delamination  has  occurred  both  live 
loadings  and  thermal  stresses  act  to  develop  cracks  between  the 
delamination  and  the  surface.  These  intersection  crack  planes 
eventually  define  the  limits  of  a  given  spall  and  act  to  sever  the 
spalled  material  from  the  deck  proper. 

Design  Related  Mechanisms  [307],  [308],  [309],  [310],  [311],  [312], 
[390 J ,  [393],  [399 J,  L4H3] .  L408 J , T410]  ,  [4J2 ]  ,  I4V3]  ,  [414]  ,TTl6] > 
[419],  [420],  [421],  and  [42317" 

Presently,  a  design's  principal  concern  with  the  prevention  of 


*Depacify  and  depacification  are  terms  used  to  describe  steel 
actively  undergoing  corrosion  as  a  result  of  a  reduction  in  pH, 
typically  caused  by  chloride  ions  at  the  steel -concrete  interface. 
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corrosion  is  choosing  among  the  various  anti-corrosion  techniques 
available.  Since  the  performance  of  almost  all  of  the  techniques  are 
to  some  degree  ambiguous,  the  decision  is  a  risk  choice. 

To  reduce  this  risk  element  the  design  and  specification  developed 
should  emphasize  quality  construction.  The  reasons  for  this  are 
discussed  in  the  following  sections.  But  in  summary  they  can  be 
expressed  as  follows:  If  the  prevention  system  fails  then  the 
design  and  construction  of  the  structure  proper  determines  the 
structures  ability  to  resist  corrosion  related  deterioration. 

Depth  of  Cover 

Spalling  is  attributed  to  corrosion  of  the  top  mat  of  reinforcing 
steel  due  to  the  penetration  of  water  and  deicing  salts.  The  closer 
the  steel  is  to  the  surface,  the  more  vulnerable  it  is  to  corrosive 
attack.   if  the  current  studies  to  evaluate  bridge  deck  protection 
systems  should  prove  waterproofing  membranes  to  be  the  most  practical 
and  effective  means  of  protection,  depth  of  cover  over  the  steel  will 
no  longer  be  an  important  durability  factor  [31 3].  However,  the 
results  of  these  long-range  studies  will  not  be  known  for  some  time. 

Present  literature  contains  a  large  number  of  selections  discuss- 
ing the  advantages  of  adequate  depth  of  cover  over  reinforcing  steel. 
Most  sources  recommend  at  least  five  centimeters  (2  in.)  [300] , 
[314] ,  [315],  [316],  [313],  and  [304].  However,  recent  FHWA  studies 
have  shown  that  chloride  ions  will  eventually  penetrate  five 
centimeters  (2  in.)  of  even  high  quality  low  water  cement  ratio  (0.4) 
content  concrete  [305] . 

Cracking  [231],  [297],  and  [317] 

For  a  period  during  the  1950's  and  60's  structural  design  trended 
towards  minimal  cross-section  designs  having  considerably  less 
resistance  to  flexure  than  either  earlier  compressive  designs  or  later 
enlarged  cross-section  designs.   During  the  same  period  a  shift  in 
emphasis  from  simple  span  design  approaches  to  continuous  span 
concepts  also  occurred.   In  the  former  instance  vibration  and 
excessive  flexure  have  resulted  in  increased  crack  formation.   In  the 
latter  case  continuous  spans  have  produced  negative  moments  with 
increased  surface  cracks  being  noted. 

In  general  cracking  causes  localized  corrosion  and  until 
depacification  of  the  steel  takes  place,  as  a  result  of  chloride 
penetration  of  the  deck  matrix,  the  corrosion  is  generally  limited 
to  the  immediate  crack  area. 

A  number  of  references  are  made  to  vibration  [318],  [291 ]  and 
[296]  and  the  effects  of  negative  moment  [302]  on  crack  propagation. 
It  is  only  when  the  resultant  cracks  become  coupled  with  zones  of 
weakness  or  fracture  planes,  resulting  from  inappropriate  design, 
specifications  or  construction  procedures  that  serious  surface 
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deterioration,  or  spall ing  begins. 
Drainage 

Removal  of  water,  salt  contaminated  or  not,  in  the  shortest 
reasonable  distance  and  as  rapidly  as  is  feasible  is  an  important 
design  consideration.  A  Kentucky  report  [282]  suggested,  that  "From 
the  design  standpoint,  there  appears  to  be  definite  advantages  in 
having  drains  closely  spaced.  Decks  should  be  placed  on  a  grade  and 
crowned  whenever  possible." 

Joint  Design  [271],  [274],  [272],  [319],  [273],  [270],  [272], 
and  [283] 

Joint  design  has  a  critical  impact  on  both  deck  and  super- 
structure protection.  Failure  of  the  joint  waterproofing  system 
allows  water  to  reach  the  substructure  resulting  in  its  eventual 
deterioration.  This  substructure  deterioration  can  weaken  the  deck 
support  system  and  cause  damage  to  the  deck. 

Construction  [281],  [320],  [386],  [321],  [322],  [323],  [312],  [395], 
[400],  and  [417]. 

It  is  generally  accepted  that  standard  quality  concrete  con- 
struction cannot  successfully  resist  chloride  penetration.  The 
extent  of  this  ineffectiveness  is  indicated  in  the  following  excerpt 
from  TRB  publication  #500  [264]. 

The   time -to -corrosion  tests  on    (typical)*  bridge  deck 
concrete  yielded  the  most  striking    (and  disturbing)   finding 
of  the  study.      The  summary  given  in  Table  30  shows   that  the 
time-to-corrosion  for  the   typical  uncracked  bridge  deck 
concrete  with   1-in.    (2b.  4 -mm)   reinforcing  steel  cover  was 
only   1  week   (7  applications  of  a  3  percent  NaCl  solution) 
in    many    instances .  The   test  procedure  corresponds   to 

a  daily  NaCl  application  rate  of  only   0.2   lb.    (0.09  kg) 
NaCl  per  20  ft.2    (1.8b  m2)   of  concrete  surface.      Therefore, 
the   total  salt  applied  prior  to  initiation  of  corrosion  was 
1.4   lb.    (0.64  kg)   over  the  entire   20- ft2    (1.8b-m2)    slab. 
The  maximum  time   to  corrosion  for  this  concrete    (in  the 
instances  where  electrical  potentials  permitted  determination 
of  a  valid  time   to  corrosion)   was  four  weeks    (28  de-icer 
applications).      The  total  quantity  of  NaCl  applied  to  this 
instance  was   less   than  0.3   lb/ ft2    (l.b  kg/m2)   of  concrete 
surface . 

This  finding  shows   that  uncracked  quality  concretes* , 
similar  to   those  used  in  field  construction,    provide   little 
protection  against  reinforcing  steel   corrosion  when  the 


*water / cement :      O.b;   cement  content:    6b8   Ib/cu  yd;    slump  3  +  O.b  in.; 
air  content:    b-7%;    vibrated  retted  unit  wt:      99+1%. 
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reinforcing  steel  is  placed  at  a   1-in.    (25.4-mm)   depth.      It 
substantiates   the  necessity  of  modifying  present  bridge  deck 
concrete  mix  designs  and  the  need  to  use  alternated  means  of 
preventing  de-icer  intrusion.      This  finding  should  also   lay 


TABLE  30:  TIME-TO-CORROSION  OF  SL"BS  EXHIBITING  POTENTIALS 
CONSISTENTLY  GREATER  THAN  0.35  V  CSE  [264J 


Slab 

Corrosion 

Number9 

Special  Treatment 

(week)'3 

72-7 

1 

126-126 

1 

127-127 

1 

116-118 

50.8-mm(2-in . )  reinforcing 

steel 

spacing 

2 

117-119 

50.8-mm(2-in . )  reinforcing 

steel 

spacing 

1 

78-19 

Burlap  cure 

2 

62-22 

Poly-sheet  cure  for  3  days 

2 

51-24 

Poly-sheet  cure  for  7  days 

3 

50-69 

Permanent  metal  forms 

2 

63-70 

Permanent  metal  forms 

2 

32-70 

No  rain  (cover  over  slab) 

2 

106-74 

No  rain  (cover  over  slab) 

1 

34-77 

Chroma te  inhibitor 

4 

71-78 

Chroma te  inhibitor 

2 

55-89 

Monthly  NaOH  wash 

4 

aConcrete  for  all  slabs  listed  had  a  water-cement  ratio  of  0.5 
content  of  390  kg/m^  (658  Ib/yd^),  and  a  cover  over  the  reinforc- 
ing steel  of  25.4  mm  (1  inch). 

One  week  is  equivalent  to  7  daily  applications  of  a  3  percent 
sodium  chloride  solution  ponded  to  a  1.6-mm  (1/16-inch)  depth. 


to  rest  the  misconception  that  cracks  are  necessary  for 
deicer-born  chlorides   to  get  into   the  concrete. 

The  preceding  laboratory  findings  have  been  confirmed  in  a  number 
of  field  studies.   In  the  same  publication  [264]  a  field  study 
involving  three  decks  substantiated  the  previous  findings  and  indicat- 
ed the  positive  effects  of  increasing  the  depth  of  cover  above  the 
reinforcing  steel . 

Figure  85  illustrates  more  clearly  the  relationship  between 
depth  of  the  reinforcing  steel  and  the  amount  of  deterioration  of  the 
bridge  deck.  Time  correlates  directly  with  deterioration  and  the 
relative  percentage  of  deeper  steel  increased  but  not  nearly  as 
rapidly  as  with  shallower  steel.  The  sixteen  year  curve  shown  in 
Figure  85  represents  the  deck  surface  area  actually  removed  for 
repair  purposes  when  a  five  centimeter  (2-in.)  bonded  Portland  cement 
concrete  overlay  was  placed  on  the  deck  [300].  This  figure  shows 
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the  importance  of  placing  the  steel  as  deep  as  possible.  Where  the 
average  steel  depth  was  five  centimeters  (2-in.O  on  this  deck,  only 
eight  percent  of  the  area  was  associated  with  the  deterioration  after 
sixteen  years.   Nearly  all  of  that  was  related  to  expansive  chert 
aqgreqate  with  the  remainder  being  ascribed  to  reduced,  3.3  centimeters 
(1-1/2  in.} ,  cover. 
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FIGURE  85  REINFORCING  BAR  DEPTH   AS 
RELATED  TO   THE  PERCENTAGE  OF  DETERIORATION 


Corrosion  preventive  techniques  are  to  varying  degrees  unproven. 
If  the  corrosion  preventive  techniques  fail  then  corrosion  prevention 
reverts  to  the  capacity  of  the  underlying  construction  to  resist 
chloride  penetration;  for  instance. 

A  membrane  or  chloride  resistance  layer  may  serve  negative,  as 
well  as  positive  ends. 

Unless  care  is  exercised  with  the  concrete  product  these  top 
dressings  can  become  a  means  of  merely  hiding  an  "inferior  product." 
The  only  end  result  would  then  be  an  increase  in  cost  without  a 
corresponding  increase  in  longevity.  Furthermore,  we  feel  that  if 
good  quality  concrete  is  not  possible  because  of  the  workmanship 
then  those  responsible  for  that  workmanship  are  not  too  likely  to 
place  a  top  quality  interlayer  membrane  and  overlay.  Top  quality  is 
needed  from  the  bottom  up  not  merely  on  the  top  alone  [296] . 

Detection  Systems  [287],  [324],  [389],  [397],  [409],  and  [411] 

Maximum  functional  return  on  funds  allocated  for  structural 
renovation  can,  in  part,  be  insured  through  early  detection  and  repair 
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of  structural  deterioration  [300].  This  is  particularly  true  for 
bridge  decks  where  depacif ication  has  occurred  and  delamination  may 
or  may  not  have  been  initiated.  Early  detection  of  depacif ication 
permits  the  application  of  neutralization  procedures  (flushing, 
cathodic  protection)  before  delamination  can  occur.  When  delamination 
has  occurred  the  delaminated  surfaces  may  be  bound  back  together  by 
gluing  [325]. 

With  the  possible  excepting  of  cathodically  protected  decks,  any 
deck  that  is  programmed  for  permanent  repair  should  also  be  water- 
proofed. Whenever  an  existing  deck  is  to  be  waterproofed,  all  the 
concrete  in  areas  bounded  by  depacif ied  steel  must  be  removed,  as 
well  as  all  areas  having  chloride  concentrations  in  excess  of  1.18 
kilograms  of  chloride  per  cubic  meter  (2  lbs./cu.  yd)  of  concrete. 
A  substantial  number  of  reports  have  indicated  that  when  this 
precaution  has  been  ignored,  or  the  remedial  action  did  not  address 
the  cause  as  well  as  the  effect,  depacif ication  of  the  steel  in  the 
unremoved  portions  of  the  deck  has  occurred  and  soalling  has  eventu- 
ally returned  [263]. 

Presently  the  tools  and  procedures  avaiable  to  the  bridge  main- 
tenance engineer  for  evaluating  the  current  condition  or  the  extent 
of  deterioration  of  a  bridge  deck  include: 

1.  Potential  measurements  of  reinforcing  steel  [263] ,  [305], 
[324],  [315],  [326],  [284],  [266],  [298],  [303]  and  "[327]. 

2.  Delamination  detection~T263]  ,~T328j » "T303]  , ""[329] ,  [330]", 
and  [331]. 

3.  Chloride  analyses  [3321,  [263],  [266],  [3331,  [303],  [265], 
and  [334]. 

4.  Nondestructive  measurements  of  concrete  and  construction 
quality  (acoustic  velocity,  Windsor  probe,  Schmidt  hammer, 
pachometer,  microseismic  refraction)   [263]  ,  [276] ,  [335] , 
[300],  [287],  [329],  [336],  [328],  [303jT[3_29],  [305_J^ 
[324],  [315],  [326],  [2_34] ,  [266],  [298],  [333"],  [265],  and 
[330] . 

5.  Subjective  visual  assessments. 

Proper  and  reliable  evaluation  of  bridge  decks  both  impending 
and  after  deterioration  processes  have  occurred  is  a  tooic  of 
priority  research  needs  [265]. 

Potential  measurements  in  addition  to  determining  the  locations 
where  steel  is  corroding,  and  the  classification  of  corrosion 
activity  of  the  steel  according  to  the  percent  of  corrosive  potentials 
may  also  be  used  to  determine  the  effectiveness  of  a  repair  method. 

Because  of  the   targe  number  of  structures   that  have  been 
exposed  to  deicing  salts,    it  is  obvious  that  research  techniques 
must  be  streamlined  to  operationally  determine   the  methods  of 
repair  and/ or  preservation  of  the  decks.      Except  for  special 
cases,    there  are  simply   too  many  bridges  and  too  few    people  and 
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dollars  to  spend  a   long  period  of  time   to  thoroughly  evaluate 
each  structure   [265] . 

Membranes  [337],  [338],  [263],  [339],  [340],  [341],  [34_2],  [343], 
[344],  [3457,  [346TT[270TT[347T,  ~[348]\  [349j,  [350ji  [351  J,  [352], 
[353],  [392],  [401],  [402],  [405],  [406],  and  [418]. 

A  1974  memorandum  from  the  Utah  Department  of  Highways  to  Division 
eight  of  the  Federal  Highway  Administration,  summarized  the  present 
thinking  in  Utah  on  membranes  and  membrane  applications.  Following 
are  some  summary  excerpts  from  this  memorandum: 

"A  waterproofing  system  that  functions  well  in  one  area  of  the 
country  does  not  mean  that  it  will  work  somewhere  else  even  under 
seemingly  similar  circumstances.  This  may  be  the  result  of  different 
construction  practices,  materials,  environmental  or  undetermined 
factors. " 

"Manufacturer's  recommendations  for  tests  such  as  cold  bend  and 
certain  material  qualifications  should  only  serve  to  generally  describe 
a  product.  Most  frequently  they  attempt  to  eliminate  a  competitor  on 
an  unrealistic  technically.  Two  examples  are:  1)  whether  a  two  and 
a  half  centimeter  (1  inc.)  strip  of  material  15  centimeters  (6  in.) 
long  is  bent  180°  over  a  1  cm,  1.3  cm  or  2.5  cm  (3/8",  1/2"  or  1"  ) 
mandrel  at  -18°C  (0°F)  or--23°C  (-10°F)  is  meaningless  in  this  in- 
stance; 2)  if  roofing  felt  is  used  whether  it  is  19  or  24  kilogram 
(50  or  65  lb)  should  not  matter;  more  applicable  would  be  its 
quality  and  contribution  to  the  functional  capability  of  the  protec- 
tive system." 

"No  membrane  should  be  used  on  sharp  curves,  steep  grades  or  where 
severe  braking  action  occurs." 

"Strict  temperature  requirements  should  be  adhered  to  on  both  the 
high  and  low  sides  for  placement  of  the  membrane  as  well  as  the  over- 
lying asphaltic  concrete." 

"Asphaltic  concrete  overlays  should  be  thick  enough  (plus  two 
inches)  to  protect  the  membrane.  Gradation  and  type  of  aggregates  in 
the  bituminous  overlay  should  be  such  that  the  membrane  is  not 
punctured.   Plant  mix  seals  should  not  be  placed  directly  over  a 
membrane. " 

"Membranes  should  be  applied  under  the  supervision  of  engineers* 
and  inspectors  familiar  with  membrane  application.  Also,  membranes 
should  only  be  applied  by  skilled  workmen." 

"Any  membrane  or  overlay  failure  should  be  corrected  immediately 
and  its  cause  defined.  A  minor  failure  of  either  the  membrane  or 
overlay  can  lead  to  rapid  disintegration  and  loss  of  the  bridge  deck 
protective  system. " 

188 


In  general,  membrane  performance  has  been  good  to  fair,  with 
isolated  areas  of  failure.  It  is  recognized  as  a  necessity  to 
provide  some  degree  of  protection  to  the  concrete  deck;  however, 
the  search  for  a  more  durable,  less  expensive,  alternative  method 
is  continuing. 

The  bonding  ability  of  membranes  should  be  of  prime  considera- 
tion. 

In  1972  the  Organization  for  Economic  and  Community  Development 
(O.E.C.D.)  published  a  reoort  on  Waterproofing  of  Concrete  Bridge 
Decks  [270],  The  following  .excerpts  from  that  report  describe  the 
requirements  to  be  considered,  as  well  as  the  attributes  and  defic- 
iencies of  the  various  approaches: 

The   provision   of  a   waterproofing  system  is   now   reauired  by 
many   authorities  responsible   for  highway  bridges,    varticularly 
for   underbridges   on   roads   which  are   likely   to  be   treated  regu- 
larly with   de-icing  salt   in  v/inter.      The   trend   towards   heavier 
vehicles   and  higher  stresses   in    the   concrete   and  reinforcement , 
associated  with   the   use   of  more   slender  designs   increases   the 
need  for   the  protection  of  the   deck  against   damage.      Both   rein- 
forced and  prestressed  concrete   structures   are  susceptible   to 
damage  and  need   protection . 

Effective  waterproofing  has   the   added  benefit   of  preventing 
water  from  dripping  through   the   deck  and  causing  a   nuisance   or 
hazard  to   users  beneath,   particularly   during  frost.      It   will 
also  avoid   unsightly   staining  of   the   structure  and   the   formation 
of  stalactites   and  other  lime   deposits .      The  waterproof incr  is   thus 
an   essential    component   of   the   drainage  system  of  the   bridge   deck. 

For   the   reasons   given   above,    (provision  of)    an  effective 

waterproofing  layer  is   an   essential    requirement   for  a  bridge 

deck   wherever   the   climate   in   winter   is   cold  and  wet  and    vartic- 
ularly  where   de-icing  salt   is    applied   frequently . 

It   is   difficult    to  produce   an   effective  waterproofing 
layer  on  a   roughly   finished  concrete   deck  and  it   is  necessary 
to   specify  both  a   tolerance   on   the  profile  of  the  surface   and 
a   surface   texture  v/hich   will   suit   the  waterproofing  material    to 
be    used.      More  attention  needs    to  be   given   to   the   finish    to   the 
concrete   deck  both   during  the   design   of  the  bridge   and  during 
its   construction. 

During  the  past  years  there  has  been  an  intensive  effort  by  the 
Federal  Highway  Administration  (FHWA),  state  highway  agencies  and  private 
industry  to  solve  the  bridge  deck  deterioration  oroblem.  Richard  E.  Hay 
presented  a  summary  of  these  efforts  in  the  March  1976  issue  of  Public 
Roads  [424],  In  considering  advantages  and  limitations  of  solutions  to 
the  bridge  deck  deterioration  problem  caused  by  corrosion,  their  ootential 
for  alleviating  any  possible  freeze-thaw  problems  that  may  be  present 
must  also  be  considered.  Potential  solutions  were  classified  into  three 
categories;  1)  Keep  the  salt  (chloride  ion)  out  of  the  concrete,  2)  Keep  the 
chloride  ions  from  the  rebar  and  3)  Control  the  corrosion.  Advantages 
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and  limitations  of  solutions  are  summarized  as  follows  [424]: 

-  Waterproof  Membranes 

Waterproof  membranes   are  presently   the  most   widely 
used  method  of  protecting  new  bridge   decks   from 
further  contamination   [425 ,  426].  However,    there 
is    considerable    controversy   about    the   proprietary 
of  placing  them  over  decks   in   which   active   corrosion 
if  the   reinforcing  steel   is   taking  place.      Also, 
construction   and  maintenance    problems   are   associated 
with   their   use. 

-  Surface   Polymer   Impregnation 

Surface  polymer  impregnation   is   an   emerging  solution 
which  would  provide   the   same   type   of  protection   as   a 
waterproof  membrane.      At   least    two   applications  have 
been   completed.      At   its   current   state   of  development, 
surface   impregnation   is   initially   more   expensive   than 
waterproof  membranes .      It  has    the  potential    to  provide 
lasting  protection   with   one   application   and    to  provide 
a    very   durable   concrete   surface   from   the   standpoint   of 
abrasion   as   well   as   freeze-thaw  durability .      A   disadvan- 
tage  is    that   any   cracks   which   may   develop   in   a    deck 
after  treatment  may   require   some  maintenance   in   order 
to   guarantee   a   salt- free   structure .      However ,    the    use 
of  surface   impregnation   to  prevent   further  chloride-ion 
contamination  of  an   existing  deck  would   greatly  minimize 
the   cracking  vroblem. 

-  Totally   Impregnated  Precast  Panels 

Totally   impregnated  precast   bridge   deck  panels   are   an 
emerging  solution    for  new   construction   or   for   use   on 
bridges   where   total   replacement   of  the   deck  is   selected 
as    the   method  of  repair    [427] .  To   date   no   decks   have 
been   constructed  using  such  panels .      Decks  have  been 
constructed  using  ordinary  precast   concrete  panels. 
Present   estimates   indicate   that   totally   impregnated 
precast  panels   may  not  be   capable   of  competing  with 
other  possible   solutions    in   normal    construction .      How- 
ever,   where   reconstruction   must   be   done   as   expeditiously 
as   possible ,   particularly   in    urban   areas,    pre-cast   PIC 
panels   may   be   less   expensive    than   conventional    tech- 
niques  v/hen    the   cost   of   traffic  control    and  providing 
detours   is   considered. 

-  Internally   Sealed  Concrete 

Internally   sealed  concrete    (concrete  in   which   the   capillary 

and   void   system  is   blocked   at   numerous   points   with   wax) 

is    the   newest   approach    to    providing  an   impermeable   concrete . 
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It   could  be    used  for  new   construction ,    as   a   waterproof 
overlay  on   an   existing  deck,    or  as   a   reconstruction 
material    where   complete   replacement   of  critically   con- 
taminated concrete   is    the    repair  method.      This   material 
has    the   potential    to   compete   cost-wise   with    any   of   the 
other   technirjues   presently    used.      The   raw  wax  is    rela- 
tively  inexpensive;    there   are   no   apparent  problems   with 
mixina  it   in    the   concrete;    and   fusion   of   the   wax  can  be 
accomplished  with   presently   available   equipment . 

Internally   sealed   concrete   also  provides   a    freeze-thaw 
resistant   deck  surface .      Barring  unforeseen  problems , 
it   may   well   become    the   most    useful    solution   for  new 
construction . 

-  Latex  Modified  Concrete 

In   the  second   group  of  solutions ,    those    that  keep  chloride 
ions   from  coming  in   contact   with   the   reinforcing  steel, 
the   most   widely    used   approach   is   latex  modified  concrete. 
This   material   has   a   relatively   long  and  successful   history 
as   a   repair  material   but   has   only   recently   been    used  on   new 
construction .      Presently ,    it   is    more   expensive   initially 
than   waterproof  membranes .      However,    it   has    the   advantage 
of  performing  more   satisfactory   on   grades   in  excess   of  four 
percent   and  in  areas   where   the   pavement   surface   is   subjected 
to   shearing  forces   created  by   rapid  changes   in   the    velocity 
or  direction   of  vehicles .      It  may  also  have   the   advantage  of 
requiring  less   maintenance. 

-  Epoxy  Resin-Coated  P.ebars 

Epoxy    resin-coated   reinforcing  steel   has   been    tested  on   a 
significant   number  of  bridges.       Thus    far   its   cost    seems    to 
be   highly    variable   as    is    the   incidence   of  manufacturing 
problems .      This   approach   offers   an   alternative   to   the  bridge 
designer.      It   is,   of  course,    viable   for  only  new  construction 
or   total    reconstruction .      A    disadvantage   is    that   it   does   not 
improve    the    freeze-thaw  durability   of   the   concrete .      Conse- 
ouently ,    if  a    quality   concrete   is   not    obtained ,    the   value   of 
the    coated   steel    may  be   lost.      A    very   good   application   may   be 
in    vrecast    units   where   corrosion   protection   is    required  but    the 
use   of   polymer   impregnated  concrete   or   internally    sealed   con- 
crete  is   impractical . 

-  Three-inch   concrete   Over   Steel 

An   emerging  solution   is    to   provide    three   inches    (76   mm)    of 
clear   cover   over   the   reinforcing   steel.       This    is   particularly 
attractive   where    it   is   possible    to    place   a    low  water-cement 
ration    concrete    (0.35   or   less)    that   is   highly   impermeable    to 
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chloride   ion.      However,    the  number   of  places  where  such   a 
concrete   can  be   specified  are  limited   unless   special    con- 
struction  equipment   or   the  new  water  reducers   are   used. 
The   arbitrary   use   of   thicker   cover  without   specifying  the 
indicated   low  water-cement   ratio   concrete   and  positive 
control   of  the   degree   of  consolidation   is   of  very   doubtful 
value . 

-  Galvanized  Reinforcing  Steel 

In    the   third   group  of  solutions ,    those  which  attempt   to 
control    the   corrosion   or  stop  it   after   it   is   started,    the 
most   widely   used  solution    to   date   is   galvanized  reinforcing 
steel.      As   the   zinc  corrodes    the   degree  of  protection    this 
approach  provides   is   presently   unknown.      There   are   structures 
in   Bermuda  where   it   apparently   is   providing  satisfactory 
long   term  protection .      On    the  other  hand,    some   research   data 
indicate   that   such   long  term  protection   cannot  be   depended 
upon    [428] .  Galvanized  rebars   have  been   used  in   a  number  of 
bridges ,   but  not   long  enough    to   determine    their   ultimate 
worth.      Although    the   two   should  not  be   compared  on   a   direct 
basis  as    they   are   entirely   different  products ,    galvanized 
steel   is   less   expensive    than   epoxy-coated  reinforcing  steel. 
Galvanized  reinforcing  steel,    like   epoxy   resin   coated  steel, 
does   not    improve    the   freeze- thaw   durability   of   the   concrete . 

-  Cathodic   Protection 

Arresting  corrosion   of  reinforcing  steel    cathodically  by 
impressing  a   current   on    the   steel    through   a   conductive   over- 
lay  is    perhaps    the  newest   approach    that  has  been   received 
widespread  interest   by    the   highway   community .       This   method, 
could  be    used   on   new  bridges   as   well    as   on    those    that    are 
already   on    the   highway   system.      However,    based   on  its    cost 
compared  with    other  potential   solutions    for  new   construction , 
it   appears    that   its  best    use   would  be  on   existing  bridges    that 
are   critically   contaminated  with   chloride   ions   and   very 
difficult    to   reconstruct .      One   distinct    disadvantage   is   that 
the   conductive   overlay   and  its    attendant   wearing  course    may 
act   as   a   mulch    thereby   keeping   the   deck   moist   or   wet   with 
salt   solution .       The   result   could  be   aggravation   of  any 
potential    freeze- thaw   deterioration   problems .      Consequently , 
a    careful    evaluation   of   the    freeze-thaw  durability   of   the 
deck   should  be   made   prior   to   avplication   of   this    method   of 
repair.       Such   an   evaluation   on    existing  decks   should   include 
linear   traverse   measurements   of  the   entrained  air   void  system 
to   determine    void  size   and   spacing  as   well    as    total    air   content 

-  Electro-Chemical   Removal    of  Chlorides 

An   electro-chemical    method   for   the   removal    of  chloride   ion 
from  hardened  portland  cement   concrete   has   been   developed  by 
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Battelle    under   an   FHWA   research    contract.      However,    at 
present   it   is    not   known   how  practical    the   method  will   be 
for   field   use.      Provided   the    technical   problems   can   be 
overcome ,    it   could  have  potential    as   a   method   to   rehabili- 
tate  existing  decks    that    are   critically   contaminated  with 
chloride   ion. 

-  Deep  Polymer   Impregnation   of  Existing  Decks 

Deep  polymer  impregnation   of  existing  bridge   decks   is 
another   laboratory   development   by   Lehigh   University 
under  an   NCHRP   contract.       This   effort   differs   from  surface 
polymer   impregnation   previously   discussed  as   it   is   directed 
toward   the   polymer   impregnation   of  all    critically   contaminated 
concrete   around   the    toe   mat   of   reinforcing  steel ,  and   therebv 
arrests   any   corrosion   of   the   steel   by   cutting   off   the   supply 
of  oxygen   and  moisture   required   to   support   corrosion .      This 
differs   from  previously   discussed  surface   impregnation   which 
is    used  only   as   a   method   to   keep   chloride   ions   out   of  new  or 
rehabilitated  concrete . 

-  Rebonding  With   Epoxy   Resins   or  Polymers 

Epoxy   resin   rebonding  has   been    used  for   rebonding      delaminated 
or  cracked  concrete  whereas  polymer  rebonding  has   been  directed 
toward   the  in-situ  reconstitution   of  totally   deteriorated   con- 
crete.     Epoxy   resin    rebonding  of  delaminated   concrete   along 
may   not   offer   a   permanent    repair.      However,    when    used  in   con- 
junction  with   cathodic  protection,    it   does   offer  an   excellent 
potential    for  permanence.      Injecting  epoxy   resin   into  cracks 
such   as   are   found  in   delaminated  bridge   decks   is   a   practical 
process,    and  a  number  of   orivate   firms  now  specialize   in   this 
type  of  work  on   a   contractual   basis.      Polymer  rebondinc  of 
totally   disintegrated  concrete   is  not   yet   a   routine   field  pro- 
cess.      The    technique  has   been    demosntrated   to  be   feasible   on 
a   small    scale,    and  a    full-scale   bridge   repair   is   planned  by 
the   New   York   Department   of  Transportation.      It   has    the    poten- 
tial   to   offer  a    totally   new  method   of  repair    that   would  not 
require   removal    and  replacement   of  deteriorated  bridges   with 
the  attendent   traffic   problems   of  such   repair  methods. 


Maintenance  [354],  [355],  [356],  [388],  and  [396] 


Specific  aspects  such  as  salting,  plowing,  and  deck  reoairs 
are  typically  thought  of  as  maintenance  activities  and  are  discussed 
here. 
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Salt  has  been  shown  to  be  an  agent  required  and  partially 
responsible  for  both  reinforcing  steel  depacification  with  its  sub- 
sequent delamination  and  spall  damage;  and  differential  freezing  of 
the  wearing  surface  with  its  resultant  scaling. 

Both  categories  of  damage  can  be  significantly  reduced  by 
effective  deck  waterproofing  procedures.  In  areas  where  water- 
proofing has  not  been  incorporated  into  the  deck;  the  initial  decision 
to  use  deicing  chlorides  should  account  for  this. 

A  publication  by  FHWA  [305]  showed  that  the  equivalent  of  seven 
applications  of  sodium  chloride  (at  169  kg  per  3-2/3  lane  kilometer  or 
600  lb/12'  lane  mi)  were  sufficient  to  initiate  depacification  of 
steel  in  some  test  slabs,  and  that  the  equivalent  of  28  applications 
had  depacified  steel  in  all  of  the  test  slabs.  The  decision  regarding 
the  feasibility  of  substituting  an  alternate  deicing  chemical  is 
probably  best  decided  on  an  individual  case  basis. 

In  an  article  by  J.  C.  Kliethermes  published  in  1972  [269],  the 
following  points  are  made: 

•  Annual  maintenance  costs  do  not  adequately  indicate 
the  scope  of  the  problem.      Most  states  that  have  a  severe 
problem  would  spend  more  if  funds  were  available. 

•  Some  states  have  areas  of  severe  deterioration  and  areas 
of  light  or  no  deterioration.      This  complicates  any  attempt  to 
show  general  affected  locations . 

•  The  scope  is  changing  rapidly.      Many  states  indicate   that 
both  the   cost  and  the  number  of  bridges  requiring  maintenance 
are  increasing. 

After  evaluating  all  conditions,   we  arrived  at  the  following 
conclusions.      The  severe,   moderate,    and  light  problem  locations 
fall  into  geographical  areas.      There  is,    of  course,    no  distinct 
division   line,   and  some  overlapping  will  occur.      Based  on  spot 
checks  within  these  areas,    it  was  estimated  that  the  national 
cost  of  repair  for  decks  in   1971  was  more   than  $40  million   [269] . 

The  challenge  of  what  can  be  done  to  keep   this  cost  at  a 
minimum  falls  into  two  categories: 

•  Establish  an  effective  and  permanent  repair  procedure  for 
existing  decks,    and 

•  Develop  a  technique   that  will  prevent   the  problem  from 
reoccurring  by  a  change  in  new  designs. 

Extensive  research  is  under  way  in  both  areas.      This  research 
includes  the  use  of  polymers  in  concrete 3    [363],  [364] ,  [ 36 5] , 
[392],  [398],  and  [418] 
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[366],  [367],  [368],  [369],  [370],  [371],  [372],  [373],  [374], 
[356] ,  [375],  [268],  [376],  and  \Zll~\~protective  coatings  for 
reinforcement,   "[378],  "[379],  [380]T[381],  [3_82  ] ,  [383] ,  and 
[384]  and  cathodic  protection   "[385],  "[378],  [265],  and  [387] 

It  is  the  opinion  of  many  researchers   that,   once  the  corrosion 
cellhas  started,   it  will  continue,   and  no  corrective   treatment, 
short  of  total  removal,   will  be  effective.  .. . 

An  informal  survey  conducted  with  the  demonstrations 
indicated  that  a   large  variety  of  methods  and  techniques  are 
beina  used  to  patch  deteriorating  decks   [342] ,  [303] ,  [357] , 
[358],  [359],  [360],  [361],  [362],  [404], '[407],  and  [415], 

However,   we  have   little  confidence  in  any  one  method,   and, 
iwithout  complete  surface  or  total  deck  removal,   no  effective 
permanent  repair  method  was  found. 

Many  patching  methods  and/or  patch  materials  do  not  protect  the 
steel  against  corrosion  and  may  accelerate  the  rate  of  deterioration. 
Because  of  this  acceleration,  an  elaborate  and  costly  patching 
procedure  may  only  provide  a  temporary  repair.  Accelerated  deteriora- 
tion results  from  patching  materials  that  are  designed  for  rapid 
strength  gain  but  that  contain  additives  such  as  chlorides  or  other 
set  accelerators  that  are   highly  corrosive  to  steel.  Patching 
materials  may  create  strong  anodes,  and  corrosion  begins  in  the 
patch  area  soon  after  placement.  The  opposite  is  true  when  concrete 
is  removed  from  a  spalled  area  in  a  salt-contaminated  deck  and 
replaced  with  concrete  that  does  not  contain  set  accelerators.  The  new 
patch  will  be  free  of  chlorides  and  will  create  a  differential  environ- 
ment corrosion  cell.  The  repaired  area  will  take  the  position  of  a 
strong  cathode  and  create  a  large  potential  difference  between  the 
patch  and  the  remaining  portion  of  the  deck.  This  potential 
difference  will  cause  a  current  flow  resulting  in  accelerated  dete- 
rioration. 

The  probability  of  successful  maintenance  can  be  increased  by 
removing  the  concrete  that  surrounds  active  steel.   In  many  situations, 
this  will  require  total  deck  removal.   Funding  limitations  and  common 
practice  often  restrict  this  approach.   In  these  situations  and  where 
the  deck  is  of  acceptable  quality  (even  though  active  corrosion  is 
suspected  throughout  the  deck),  a  method  used  by  California  State  to 
repair  bridge  piers  in  a  marine  environment  can  be  applied  to  deck 
patching.  Theoretically,  the  reinforcement  bar  in  the  area  of  the 
patch  can  be  eliminated  from  the  corrosion  circuit. 

No  repair  methods  are  considered  to  be  foolproof  and  therefore 
should  be  tested  under  local  conditions. 

. . .  In  summary,    the  highway  engineer  is  challenged  to 
irovide  a  transportation  facility   24  hours  per  day,    365  days 
per  year.      De-icing  salts  have  proved  to  be  an  effective 
maiyitenance  tool  in  meeting  this  challenge.      We  are  now 


195 


challenged  to  find  an  economic  solution   to  what  appears  to 
be  a  costly  secondary  effect. 

Bridge  deck  spoiling  is  not  a  local  problem.  All  indications 
are  that  the  affected  geographical  area  will  increase  in  size 
with  a  corresponding  increase  in  cost   L^.59]. 
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SODIUM  CHLORIDE  SPECIFICATIONS  FOR  UTAH  DEPARTMENT  OF  HIGHWAYS 

1972  -  1973 


SODIUM  CHLORIDE  UNTREATED  (TYPE  "A") 

Sodium  Chloride  for  use  as  a  highway  deicing  agent  shall  not  be 
less  than  92%  (NaCl).  The  percent  of  Sodium  Chloride  (NaCl)  shall  be 
determined  in  accordance  with  ASTM  Designation  D-1411. 

All  Sodium  Chloride  shall  meet  the  following  gradation  require- 
ments: 

TABLE  32:  SALT  GRADATION  IN  UTAH 


SIEVE  SIZE 

PERCENT 
PASSING 

METRIC 

STANDARD 

12.5  mm 
9.  5  mm 
4.75  mm 
2.36  mm 
1.18  mm 
.150  mm 

1/2  inch 
3/8  inch 
No.  4 
No.  8 
No.  16 
No.  50 

100 
90-100 
50-80 
10-60 

0-35 

0-3 

SODIUM  CHLORIDE  NON-CAKING  (TYPE  "8") 

Yellow  Prussiate  of  Soda  (YPS)  or  other  approved  chemical  shall 
be  uniformly  added  to  the  Sodium  Chloride  at  a  ratio  of  not  less  than 
200  parts  per  million  (200  PPM)  to  produce  a  non-caking  material  when 
subjected  to  the  following  test: 

The  materials  shall  be  exposed  to  two  (2)  twenty-four  hour 
moisture  cycles  from  3%  minus  moisture  by  weight  to  25%  plus  moisture 
and  back  to  3%  moisture. 

The  addition  of  the  Yellow  Prussiate  (YPS)  to  the  Sodium  Chloride 
shall  be  done  prior  to  stockpiling  and  shall  be  done  in  such  a  manner 
as  to  produce  a  uniform  coating  throughout  all  crystals. 
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SODIUM  CHLORIDE  WITH  NON-CAKING  AND  ANTI-FREEZE  AGENT  ADDED  (TYPE  "C") 

Sodium  Chloride  furnished  under  Type  "C"  shall  be  treated  with 
Yellow  Prussiate  of  Soda  (YPS)  as  specified  in  Type  "B".   In  addition, 
Magnesium  Chloride  Hexahydrate  (MGCL2'6H20)  or  other  approved  chemical 
shall  be  uniformly  added  to  the  Sodium  Chloride  at  not  less  than  one- 
half  of  one  percent  by  weight  of  the  total  sample.  The  Magnesium 
Chloride  Hexahydrate  (MGCL2'6H20)  or  other  approved  chemical  shall 
be  added  in  such  proportions  as  to  allow  solubility  of  water  (hLO) 
within  the  temperature  range  of  -18°C  to  0°C  (0°  to  32°F).  The 
solubility  rate  of  the  added  chemical  shall  be  from  instant  to  30 
minute  time  laps.  The  addition  of  the  Magnesium  Chloride  Hexahydrate 
(MGCL2*6H20)  or  other  approved  chemical  shall  be  introduced  prior 
to  stockpiling  and  in  such  a  manner  as  to  get  uniform  coating  of 
all  crystals. 
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SELECTED  PRACTICES  OF  SELECTED  STATES  IN  COMBATING  SNOW  AND  ICE 


Minnesota 

1.  Regular  complement  is  based  on  manpower  needed  to  operate 
the  required  number  of  trucks,  for  the  standard  coverage  time.  Total 
manpower  should  conform  to  the  following  criteria. 

Urban  Commuter  2-1/2  men  per  truck 

Rural  Commuter  2  men  per  truck 

Primary  2  men  per  truck 

Secondary  1  or  2  per  truck 

One  man  for  twelve  hour  or  one  man  for  six  hour  shifts  may  be  used 
on  secondary  routes.  Only  highway  and  landscape  maintenance  workers 
(including  senior)  are  to  be  included  in  this  complement.  It  is  not 
required  that  project  maintenance  foremen  (intermittent)  be  considered 
as  part  of  the  complement  in  those  sub  areas  which  have  urban  commuter 
routes. 

2.  Auxiliary  complement  required  for  snow  removal  support 
operations  includes  heavy  equipment  operators,  bridge  workers,  high- 
way maintenance  worker-signs  and  highway  maintenance  worker,  senior 
signs.  No  recommendation  has  been  made  as  to  the  criteria  for 
determining  this  complement  of  specialists. 

3.  Highway  technicians  should  be  used  as  replacement  personnel 
and  as  second  men  when  needed. 

Massachusetts 

Snow  and  Ice  Control  is  a  major  traffic  service  and  it  is  also 
considered  an  emergency  operation.  Any  operation  which  is  so 
classified  requries  extensive  preparation  to  be  successful.  Personnel 
must  be  organized  and  trained  for  their  assigned  tasks.   Equipment 
must  be  available  and  in  condition  to  operate  on  short  notice. 
Materials  must  be  stockpiled,  and  balances  under  contract  so  that 
they  will  be  available  when  needed.  The  regular  maintenance  organiza- 
tion is  augmented  during  the  snow  season  by  emergency  employees  who 
are  employed. 

During  a  storm  every   effort  shall  be  made  to  utilize  all  avail- 
able mechanical  equipment  for  snow  and  ice  control.  Based  on  the 
available  manpower,  it  will  be  necessary  to  use  one-man  truck 
operation  whenever  weather  and  road  conditions  permit  a  safe  operation. 
Two-man  operations  may  be  used  when  more  than  one  operation  is  being 
carried  on  at  the  same  time. 

One-Man  Vehicle  Operation  --  One-man  operation  will  be  used 
under  the  following  conditions: 
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1.  Whenever  weather  and  road  conditions  permit  a  safe  operation. 

2.  Single  operations  such  as  sanding  or  chemical  application. 

3.  Snowfall  does  not  produce  large  windrows  on  traveled  surface. 

4.  Foreman  must  be  willing  and  able  to  perform  the  one-man 

operation. 

Two-Man  Vehicle  Operation  --  Two-man  operation  may  be  used  when 
any  of  the  following  conditions  exist: 

1.  Poor  visibility  due  to  blowing  snow  which  may  affect  a  safe 
operation. 

2.   2.  Snowfalls  that  produce  large  windrows  that  require  more  than 
one  operation  to  move  off  the  traveled  portion  of  raodway. 

3.  Certain  hazardous  roadways  with  extensive  left  turn  slots. 

4.  Winging  operations  will  require  a  two-man  operation. 

5.  Any  other  condition  which  is  considered  not  safe  for  a 

one-man  operator. 

Combination  of  One-Man  and  Two-Man  Operations  --  The  combination 
of  one-man  and  two-man  vehicle  operations  should  be  used  when  safe 
and  traffic  movements  have  normalized,  thereby  allowing  less  restric- 
tion in  use  of  manpower  and  equipment.  The  work  that  is  usually 
performed  under  this  arrangement  is  as  follows: 

1.  Removal  of  snow  from  shoulders  and  adjacent  slopes  to  provide 

additional  space  for  next  storm. 

2.  Removal  of  snow  from  intersections  and  other  locations  where 

high  banks  interfer  with  sight  distances. 

3.  Resumption  of  normal  maintenance  operations. 

4.  Perform  any  operation  that  will  return  traffic  movements 

back  to  normal . 

The  present  staffing  in  most  sub-area  will  permit  two  12  hour 
shifts  wnder  severe  weather  conditions.  However,  in  several  sub-areas 
only  one.  shift  will  be  possible,  consequently  some  trucks  may  be  idle 
during  the  second  twelve  hour  period.  No  night  shifts  are  purposely 
scheduled  "in  the  District,  except  for  the  off  hour  patrol. 

Under  ordinary  work  days,  when  snow  and  ice  removal  is  not  a 
pressing  factor  in  the  movement  of  traffic,  all  crews  that  are  not 
off  duty  on  compensatory  overtime  will  work  the  regularly  scheduled 
hours  from  8:00  a.m.  to  4:30  p.m.  Monday  through  Friday.   In  the  event 
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of  a  snow  storm  or  predicted  storm,  a  portion  of  the  crew  is  sent 
home  early  to  prepare  for  a  second  shift,  if  needed.  The  first  shift 
would  remain  on  duty  four  additional  hours  (to  8:00  p.m.)  and  be 
relieved  by  the  second  shift  at  that  time.  The  second  shift  would 
work  for  a  maximum  of  twelve  hours  and  be  relieved  by  the  day  crew 
at  8:00  a.m. 

In  the  event  of  a  snow  storm  beginning  after  about  4:00  a.m.,  and 
no  night  crews  are  on  duty  (except  for  the  night  patrol),  the  night 
crew  would  not  be  called  out  at  that  hour,  but  the  day  crew  whould  then 
be  called  out  early.  The  crew  change  would  necessarily  be  made  at 
4:00  p.m.  rather  than  at  8:00  p.m. 

As  in  the  past,  night  crews  will  patrol  the  entire  Maintenance 
Area  to  assure  that  prompt  action  will  be  taken  as  needed  in  the  event 
that  icing,  slippery  spots  or  snow  accumulations  are  developing  on 
our  highways  and  bridges.  This  service  is  designed  to  operate  seven 
days  per  week,  24  hours  per  day,  except  between  the  hours  of  8:00  A.M. 
and  4:00  P.M.  on  Saturdays  and  Sundays.  Two  night  patrols  will  be 
based  at  Maplewood,  and  one  each  at  Forest  Lake,  Arden  Hills,  Oakdale, 
St.  Paul  Park  and  Farmington. 

No  crew  on  duty  will  be  permitted  to  take  coffee  breaks  or  meals 
between  the  hours  of  5:00  A.M.  and  8:00  A.M.,  and  between  5:00  P.M. 
and  7:00  P.M.  This  is  to  avoid  criticism  by  rush  hour  traffic 
motorists  of  the  Maintenance  crews  not  "doing  everything  possible" 
during  these  critical  hours. 

Act  Number  Thirty  one  of  the  General  Laws,  and  all  amendments 
thereto,  read  in  part: 

1)   Laborers -employed  between  October  thirty-first 
and  April  fifteenth  to  be  used  in  eonneotion  with  the  removal 
of  snow  and  the  sanding  of  slippery  surfaces  with  the  incidental 
work  thereto  on  the  highways  of  the  Commonwealth 3    such 
employment  in  each  case  not  to  exceed  a  total  of  ninety  days 
within  that  period,   and  such  employees  when  available  and  able 
to  perform  the  work  satisfactorily ;    (2)   such  temporary 
employees  as  required  during  the  following  a  disaster  or 
period  of  extreme  danger  when  and  as  authorized  by  the  Governor 3 
but  not  to  exceed  ninety  days. 

Preference  shall  be  given  to  veterans  in  making  appoint- 
ments and  employing  persons  under  the  provisions  of  clauses 
(1)   and  (2)   of  this  paragraph. 

1.  Removal  of  snow  from  shoulders  and  adjacent  slopes  to  provide 
additional  space  for  next  storm. 

2.  Removal  of  snow  from  intersections  and  other  locations  where 
high  banks  interfere  with  sight  distances. 
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3.  Resumption  of  normal  maintenance  operations. 

4.  Perform  any  operation  that  will  return  traffic  movements 
back  to  normal . 

The  present  staffing  in  most  sub-areas  will  permit  two  -  twelve 
hour  shifts  under  severe  weather  conditions.  However,  in  several 
sub-areas  only  one  shift  will  be  possible,  consequently  some  trucks 
may  be  idle  during  the  second  twelve  hour  period.  No  night  shifts 
are  purposely  scheduled  in  the  District,  except  for  the  off  hour 
patrol . 

Under  ordinary  work  days,  when  snow  and  ice  removal  is  not  a 
pressing  factor  in  the  movement  of  traffic,  all  crews  that  are  not 
off  duty  on  compensatory  overtime  will  work  the  regularly  scheduled 
hours  from  8:00  A.M.  to  4:30  P.M.  Monday  through  Friday.   In  the 
event  of  a  snow  storm  or  predicted  storm,  a  portion  of  the  crew  is 
sent  home  early  to  prepare  for  a  second  shift,  if  needed.  The  first 
shift  would  remain  on  duty  4  additional  hours  (to  8:00  p.m.)  and  be 
relieved  by  the  second  shift  at  that  time.  The  second  shift  would 
work  for  a  maximum  of  12  hours  and  be  relieved  by  the  day  crew  at 
8:00  a.m. 

In  the  event  of  a  snow  storm  beginning  after  about  4:00  a.m.,  and 
no  night  crews  are  on  duty  (except  for  the  night  patrol),  the  night 
crew  would  not  be  called  out  at  that  hour,  but  the  day  crew  would 
then  be  called  out  early.  The  crew  change  would  necessarily  be  made 
at  4:00  p.m.  rather  than  at  8:00  p.m. 

The  use  of  secondary  classifications  on  Snow  and  Ice  Control 
operations  must  be  kept  under  close  control  within  the  Districts. 
Secondary  ratings  shall  be  used  only  for  the  length  of  time  the 
employee  is  actually  engaged  in  the  work  covered  by  such  classifica- 
tion, and  only  when  absolutely  necessary.  Permanent  employees  who 
are  qualified  to  do  the  work  required  for  secondary  classification 
shall  be  given  preference  over  temporary  employees. 

A  complete  list  of  names,  addresses  and  telephone  numbers  of  all 
District  Maintenance  Engineers  and  Assistant  Maintenance  Engineers, 
Highway  Maintenance  Foremen  and  Highway  Repair  Foremen  shall  be 
submitted  by  each  District  to  the  Maintenance  Engineer  in  Boston  early 
in  September  so  that  a  statewide  directory  of  the  Emergency  Organiza- 
tion for  winter  storms  and  other  natural  disasters  can  be  prepared. 
The  list  shall  also  include  the  telephone  numbers  of  all  storehouses, 
section  garages,  field  offices  and  all  other  maintenance  installations 
which  are  used  as  bases  for  Snow  and  Ice  Control  Operations. 

North  Dakota 

Organization  of  personnel  for  winter  maintenance  operations 
requires  considerable  thought  and  good  judgment  by  the  District 
Maintenance  Engineer  and  the  Maintenance  Superintendent.  Assignment 
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of  operations  should  be  made  in  advance  of  actual  operations. 

Whenever  possible  assign  each  operator  to  a  specific  piece  of 
equipment.  Man  and  machine  make  a  better  team  when  they  work  together 
consistently.  The  feeling  that  a  vehicle  "belongs"  to  him  also  will 
make  an  operator  show  more  responsibility  for  its  upkeep. 

During  severe  and  prolonged  storms,  plans  for  staggering  crews 
will  be  necessary.  The  storm  intensity  and  length  will  alter  any 
standard  procedure  and  hourly  work  schedule.  Planning  for  exchange 
of  crews  and  rest  periods  will  result  in  the  maximum  use  of  equip- 
ment and  minimize  crew  fatique.  Distribution  of  overtime  hours 
should  be  as  fair  as  possible  and  should  take  into  consideration  the 
employee's  age,  health  and  other  factors. 

It  will  be  necessary  to  provide  early  morning  sanding  operations 
for  frost  conditions  and  ice  and  snow  removal  in  addition  to  regular 
maintenance  operations. 

Usually  maintenance  employees  begin  work  at  7:00  a.m. 

Certain  employees  as  directed  by  the  District  Engineers  will  be 
required  to  report  at  a  time  earlier  than  the  above  hours.  Employees 
so  directed  will  have  hours  established  for  no  earlier  than  5:00  a.m. 
Districts  may  establish  a  later  time  after  5:00  a.m.  depending  on 
particular  circumstance.  Such  hours,  if  established,  must  be  on  a 
regular  weekly  scheduled  basis. 

The  total  number  of  employees  as  well  as  specific  employees 
involved  will  be  determined  by  each  District  under  guidelines  as 
established  by  each  District  under  guidelines  as  established  by 
the  Maintenance  Engineer's  Office.  As  stated  previously,  schedules 
should  be  developed  by  Districts  and  posted  weekly  on  a  rotating 
basis. 

In  addition,  certain  employees  as  designated  by  each  District 
will  be  required  to  report  for  work  no  earlier  than  5:00  a.m.  on 
Saturday  and  Sunday.  Districts  may  establish  a  later  reporting  time 
depending  on  particular  circumstance. 

Employees  who  report  on  these  days  will  be  paid  at  least  two  hours 
cash  overtime  each  day.  If  conditions  require,  they  can  be  retained 
for  additional  hours  with  cash  overtime  for  the  hours  worked.  No 
added  compensation  will  be  made  for  early  show-up.  A  rotating 
schedule  should  be  posted  for  all  Saturday  and  Sunday  work  for  equal 
distribution  among  employees. 

It  may  be  necessary  during  long  periods  of  continual  snow  removal 
operations  to  make  arrangements  for  operations  of  the  shops  on  a  shift 
basis.  One  mechanic  and  someone  to  help  should  be  available  at  all 
times.  One  mechanic  should  be  assigned  to  the  shop  truck  for  making 
minor  repairs  to  equipment  on  the  road. 
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Iowa 

During  the  winter  there  is  usually  one  or  more  occasions  when 
some  part  of  the  state  is  hit  by  an  unusually  heavy  snow  storm  while 
some  other  part  of  the  state  has  no  snow  or  \/ery   light  snow.  Long 
or  heavy  snow  storms  require  many  hours  or  days  of  work  to  clear 
the  roadway.  .The  challenge  and  devotion  to  duty  is  so  great  that 
operators  work  long  hours  without  sufficient  rest.  This  is  not  only 
hard  on  the  operators  but  tired  operators  are  more  subject  to  an 
accident  that  may  cause  injury  to  themselves  and  the  traveling 
public.  Local  extra  help  is  sometimes  not  available  for  relief  and 
seldom  sufficiently  trained  to  drive  snow  plow  equipment.  Therefore, 
when  possible,  operators  from  outside  the  storm  area  will  be  sent  in 
to  help  so  the  work  can  proceed  while  some  operators  sleep  and  rest. 
The  groups  of  men  sent  to  help  will  be  called  Relief  Snow  Plow  Crews. 

A  Relief  Snow  Plow  Crew  will  consist  of  three  operators  with  one 
pickup  for  transportation.  One  of  the  three  operators  shall  be 
experienced  in  the  operation  of  a  truck  equipped  with  wing  and  under- 
body  blade  and  other  operators  shall  be  experienced  in  driving  a  two 
ton  snow  plow  truck.  One  or  more  relief  crews  of  three  men  each  will 
be  moved  into  an  area  to  help  with  the  snow  work  if  requested  and  if 
available. 

During  such  emergencies  an  employee  shall  work  no  more  than  twelve 
continuous  hours,  including  breaks  for  meals  and  servicing,  except  that 
sixteen  hours  maximum  is  authorized  for  the  first  day  of  a  storm. 
After  working  this  number  of  hours  the  employee  shall  have  at  least 
eight  hours  rest  before  returning  to  work. 

Kentucky 

During  the  time  period  from  December  15th  to  March  1st  the 
District  Office  and  the  Crew  Foremen  should  implement  a  plan  that 
would  place  at  least  one  man  (preferably  two)  at  the  maintenance 
site  during  the  night.  This  would  not  or  need  not  be  overtime 
basis.  These  men  would  work  their  regular  shift  from  9:00  p.m.  to 
5:00  a.m.  Their  presence  should  allow  for  night  time  delivery  of 
salt,  for  preparing  equipment  for  the  next  day's  operation  by 
greasing,  fueling  and  cleaning  and  keeping  track  of  the  weather 
conditions  as  they  develop.  During  any  storm  the  Foreman  should  not 
permit  any  men  on  the  crew  to  work  longer  than  sixteen  hours 
continuously.  After  a  sixteen  hour  shift  the  employee  should  rest  for 
eight  hours  before  resuming  duties. 

This  will  require  that  the  Foreman  keep  some  key  personnel  in 
reserve  at  all  times.  In  many  cases,  employees  will  be  sent  home 
during  the  normal  working  hours  in  order  to  implement  a  relief 
system. 

The  County  Foreman  should  make  contact  with  local  police,  toll 
collectors  or  other  responsible  persons  who  are  working  at  night  so 
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that  they  can  give  him  warnings  of  developing  snow  and  ice  conditions. 
The  County  Foreman  will  maintain  a  careful  inventory  of  his  salt, 
chloride  and  abrasive  stockpiles.  He  shall  report  each  salt  delivery 
and  each  day's  salt  usage  to  the  District  Office. 

The  County  Foreman  shall  keep  a  Storm  Log  for  each  storm.  The 
Storm  Log  will  be  filled  out  in  its  entirety  and  retained  for  two 
years  in  the  District  Office.  With  the  new  Sub-ledger  Code  reporting 
system  allowing  snow  and  ice  removal  to  be  charged  to  county  general, 
District  personnel  must  insist  on  accuracy  of  the  Storm  Log,  as  this 
record  will  be  the  only  written  documentation  for  use  in  answer  to 
compliants  and  as  evidence  in  law  suits.  The  Storm  Log  should  also 
be  used  to  check  salt  spreader  calibrations. 

Virginia 

In  snow  removal  operations  the  number  of  people  needed  depends 
on  the  number  of  trucks  and  other  equipment  needed  to  maintain 
continuous  plowing  operations  with  adequate  frequency  of  coverage  and 
how  they  are  assigned. 

After  the  equipment  needs  have  been  determined  by  laying  out  a 
plowing  plan,  the  number  of  people  required  can  be  determined  by 
considering  the  following: 

•  Any  truck  operating  alone  should  have  someone  riding 
"Shotgun"  except  under  unusual  circumstances. 

•  At  least  one  truck  of  two  or  more  plowing  as  a  team  in 
echelon  should  have  a  "shotgun"  rider. 

•  When  only  one  man  per  truck  is  avilable  due  to  illness, 
extended  emergency  conditions,  inability  of  some  to  report 
for  duty,  or  other  reasons,  assignments  may  be  adjusted 

so  that  as  few  trucks  as  possible  operate  completely  alone. 
They  should  either  be  placed  in  a  two  truck  team,  or  in  some 
way  given  occasional  support  by  another  truck  or  motorgrader. 

Using  these  rules  as  a  basis,  along  with  some  common  sense,  the 
following  will  tell  the  number  of  people  needed  in  an  area  for  snow 
removal  in  addition  to  the  timekeeper  and  superintendent. 

-  One  qualified  operator  for  each  truck  or  motorgrader  needed  for  use 
in  snow  removal  for  each  shift. 

(Example,  if  five  trucks  and  one  motorgrader  are  found  to  be 
needed  -  this  would  mean  six  operators  on  each  of  two  shifts 
or  twelve  operators.) 

(One  foreman  should  take  supervisory  shift  to  provide  rest  for 
the  Superintendent.) 

-  One  additional  person  to  ride  "shotgun"  in  each  truck  that  is 
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assigned  either  to  work  alone,  or  has  been  designated  as  likely  to 
be  moved  to  another  road. 

-  Usually  not  more  than  two  other  permanent  maintenance  employees  as 
a  reserve  to  replace  those  who  may  be  ill  when  the  emergency  occurs 
or  unable  to  report  for  other  reasons. 

In  areas  needing  five  truck  and  one  motorgrader  to  maintain  adequate 
continuous  plowing  (as  determined  from  planning)  and  in  which  one 
truck  is  assigned  to  work  alone  and  two  others  are  designated  as 
subject  to  change  of  assignment  (Motorgraders  given  such  assignments 
still  only  need  one  man  per  shift)  would  need: 

5  trucks  x  2  shifts  =  10  operators 

1  motorgrader  x  2  shifts  =  2  operators 

and  for   1  truck  alone  (rider)  x  2  shifts  =  2  riders 

and  for   2  trucks  (riders)  x  2  shifts  =  4  riders 

Subject  to  assignment  change  plus  =  2  extra 


20  people 

This  does  not  mean  that  if  a  greater  number  of  people  are  needed 
for  other  major  activities  through  the  rest  of  the  year   that  there 
should  not  be  more  than  twenty.   It  also  does  not  mean  that  inspectors 
should  not  be  used  to  provide  a  rider  in  those  trucks  that  do  not 
have  them.  The  number  twenty  is  simply  the  number  that  can  accomplish 
the  work  safely  and  consistently  under  all  but  very   unusual  conditions 

Pennsylvania 

MATERIAL  PREPARATION 

Normal  seasonal  requirements  for  sodium  chloride  (salt),  calcium 
chloride  and  anti-skid  materials  should  be  determined  and  depending 
upon  capacity  the  arrangements  made  for  delivery  and  storage  of  1/3 
of  the  estimated  seasonal  requirements  in  advance  of  the  winter 
season.  Adequate  storage  capacity  should  be  provided  to  reduce  the 
possibility  of  a  shortage  during  storm  periods  and  facilitate  speed 
and  ease  of  handling. 

CHEMICAL  STORAGE 

BULK  STORAGE 

To  reduce  loss  due  to  caking  and  runoff  of  salt  and  calcium 
chloride,  properly  constructed  storage  facilities  must  be  provided 
and  the  following  basic  storage  requirements  will  be  followed. 

(1)  Bulk  chlorides  will  be  used  because  of  their  lower  cost 
and  ease  of  handl ing. 

(2)  Keep  chemicals  dry  during  delivery. 
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(3)  Keep  chemicals  dry  during  storage.   (Use  only  waterproof 
tarps.  During  loading  the  cover  will  be  rolled  back  only 
far  enough  to  allow  the  loader  to  get  the  necessary  amount 
of  material  and  will  be  replaced  as  soon  as  loading  is 
complete.  Chemicals  will  never  be  left  uncovered  after 
loading  is  completed).  Covers  should  be  held  in  place 
with  an  old  tire  or  sand  bags.  Grader  blades,  fence 
posts  or  other  articles  with  sharp  edges  that  may  damage 
covers  should  not  be  used. 

(4)  Store  chemicals  on  well  drained  paved  areas. 

(5)  Sodium  chloride  can  be  stored  either  in  covered  buildings 
or  outdoors  under  proper  cover. 

(6)  Calcium  chloride  is  more  sensitive  to  moisture  than 
sodium  chloride.  It  must  be  protected  from  precipitation, 
ground  water  and  the  free  movement  of  moist  air  over  and 
around  it.  Therefore,  it  must  be  covered  at  all  times. 
Storage  in  treated  wood  buildings  is  preferred  for 
calcium  chloride,  but  it  can  be  stored  successfully  under 
cover  outdoors. 

(7)  Store  calcium  chloride  salt  mixtures  as  you  would  store 
calcium  chloride. 

(8)  Use  only  dry  salt  for  mixing  with  calcium  chloride. 

(9)  When  feasible,  chemicals  remaining  in  storage  at  the  end 
of  the  winter,  shall  be  moved  into  dome  shaped  storage 
facilities.  When  this  is  not  possible  chemicals  shall  be 
carefully  covered  for  the  summer  months. 

(10)  Pad  with  Crib  -  If  a  crib  is  erected  on  an  existing  pad 
the  capacity  of  the  pad  is  increased  by  over  50  percent. 
One  side  of  the  crib  should  be  left  open  to  give  loading 
equipment  access  to  the  material.  Material  that  has  been 
stored  the  longest  should  be  used  first.  Cribs  should  be 
built  low  enough  so  that  one  man  can  remove  and  replace 
covers.  Use  the  same  type  of  cover  recommended  for  pad 
storage.  The  cover  should  be  tied  to  the  sides  of  the 
crib  and  held  down  on  the  open  side  by  tires  or  sand 
bags  to  keep  air  from  getting  under  the  cover. 

(11)  Bay  Buildings  -  Sodium  chloride  may  be  stored  in  these 
structures  without  a  waterproof  cover.  However,  a  water- 
proof tarp  must  be  placed  over  calcium  chloride  or 
calcium  chloride  salt  mixtures  and  the  edges  tightly  held 
down  so  that  air  cannot  get  in. 

DOMED  STORAGE  FACILITIES  FOR  SALT 

In  some  Districts  high  capacity  dome  shaped  salt  storage 
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facilities  have  been  erected.  Loaded  properly  these  buildings  will 
store  1800  tons  of  salt.  Proper  loading  procedures  are  outlined 
below: 

Both  a  tri-axle  and  a  ten  wheeler  vehicle  are  suitable  for 
loading  of  the  dome  structure.  The  tri-axle  is  preferable  because 
of  its  larger  pay  load  (23  Ton  vs  17  Ton  [21  vs  15  metric  ton]).  A 
tractor  trailer  is  not  desirable  as  its  length  reduces  maneuver- 
ability inside  the  dome  structure. 

A.  Vehicle  drives  into  structure  as  indicated  by  arrow,  backs 
to  lined  area,  dumps  several  loads. 

B.  Darkened  area  is  now  loaded  with  salt.  Vehicle  drives  in- 
to structure  as  indicated  by  arrow,  backs  to  lined  area,  dump 
several  loads. 

C.  Vehicle  backs  into  structure  as  indicated  by  arrow,  dumps 
several  loads. 

While  the  loading  process  is  going  on  a  front  end  loader  should 
be  shaping  the  salt  as  required.  Following  this  method  of  storage 
with  the  recommended  vehicles  approximately  1000  tons  (900  metric 
tons)  of  salt  should  be  dumped  inside  the  building.  From  that  point 
onward  the  salt  will  have  to  be  dumped  outside  the  building  and 
brought  in  with  a  front  end  loader.   It  is  recommended  that  a  front 
■loader  with  2  1/2  yard  (1.9  cubic  meter)  bucket  be  assigned  to  this 
operation.  This  loader  is  capable  of  moving  75  tons  (68  metric  tons) 
an  hour  into  the  Dome  Building. 

When  0  to  500  (450  metric)  tons  of  material  are  in  the  building 
cycle  time  (time  truck  enters  yard  full  until  it  leaves  empty)  is 
four  minutes.  Between  500  and  1000  (450  and  900  metric)  tons  cycle 
time  increases  to  eight  to  twelve  minutes,  over  1000  (900  metric) 
tons,  cycle  time  is  approximately  twenty  minutes. 

BAG  STORAGE 

Bags  should  be  protected  from  direct  rain  and  snow.  Storage 
should  be  in  a  dry,  well  ventilated  room  or  building  with  a  wood  or 
concrete  floor.  The  bags  should  be  piled  and  stacked  alternately  on 
planks  of  timber  raised  about  4  inches  (10  centimeters)  above  the 
floor  to  permit  air  to  circulate  below  the  bottom  tier.  Ordinarily, 
older  bags  should  be  used  first.  If  however,  a  bag  becomes  broken 
it  should  be  used  ahead  of  others.  If  bags  must  be  stored  outdoors, 
the  bottom  tier  should  be  laid  on  raised  planks  and  the  pile  pro- 
tected by  a  waterproof  covering.  During  summer  months  bags  and 
chemicals  in  small  stocking  area  should  be  moved  to  Domed  Buildings. 

SAFETY  PRECAUTIONS 

Contact  of  chemicals  with  the  eye  is  likely  to  produce  sufficient 
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injury  to  result  in  loss  of  time  from  work.  Single  prolonged  exposure 
to  the  skin  may  result  in  some  reddening,  while  repeated  prolonged 
contacts  may  cause  appreciable  irritation  and  possibly  a  mild  burn. 

Reasonable  handling,  care  and  cleanliness,  plus  the  use  of  safety 
goggles  should  be  sufficient  to  prevent  injurious  contact.  Where 
gross  skin  contamination  with  solids  or  solutions  does  occur,  the 
affected  area  should  be  washed  thoroughly  with  clean  water  and 
medical  attention  obtained.  Contaminated  eyes  should  be  washed 
thoroughly  with  large  quantities  of  flowing  water  and  a  physician 
summoned. 

MIXING  CHEMICALS 

For  storms  with  temperatures  under  25  Degrees  Fahrenheit  (4°C), 
a  mixture  of  sodium  chloride  (salt)  and  calcium  chloride  is  sometimes 
used.  The  decision  to  use  such  a  mixture  depends  not  only  on  the 
temperature  but  also  on  the  type  of  precipitation  and  road  condition. 

Mixing  should  be  accomplished  by  mechanical  means.  Desired 
proportions  of  sodium  or  calcium  chloride  are  placed  into  a  pile  and 
rehandled  with  the  equipment  until  a  uniform  mixture  is  obtained. 
The  material  is  handled  a  second  time  when  loaded  into  the  spreader, 
which  furthers  the  mixing. 

Another  method  of  mixing  is  to  load  alternate  layers  of  salt  and 
calcium  into  the  truck  bed  in  proper  proportions  at  the  time  of  use. 
This  method  is  acceptable  where  the  spreader  is  one  of  the  smaller 
types  and  bags  of  chemicals  are  used.  However,  a  thorough  mixing  of 
chemicals  is  not  obtained  resulting  in  an  uneven  distribution  of 
materials  on  the  road.  Loading  time  is  also  slowed  down  because  the 
loader  must  load  from  two  different  piles. 

If  past  history  shows  a  continuing  need  for  a  salt-calcium  mix- 
ture, mixing  can  be  eliminated  by  ordering  pre-mixed  salt  and  calcium 
from  the  manufacturer.  The  ratio  of  this  pre-mixed  material  is  five 
parts  salt  to  one  part  calcium. 

ANTI-SKID  STORAGE  AND  TREATMENT 

Freezing  of  the  moisture  within  anti-skid  material  must  be 
prevented  in  order  to  keep  the  material  free  flowing  through  our 
mechanical  spreaders.  The  following  methods  of  anti-skid  treatment 
are  recommended. 

1.  No  internal  treatment.  The  outside  surface  of  the  anti- 
skid pile  may  be  capped  with  a  thin  layer  of  bag  calcium  chloride. 
(2  lbs.  per  sq.  yard  [1  kilogram  per  square  meter]). 

2.  Treating  the  anti-skid  pile  with  salt  on  a  volumetric 
anti-skid  to  salt  ratio  of  10:1.  A  10  to  1  mix  will  provide  ample 
salt  to  keep  the  pile  from  freezing. 
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3.  Treating  the  anti-skid  pile  with  salt  on  a  volumetric 
anti-skid  to  salt  ratio  of  7:1.  A  7  to  1  mix  will  provide  sufficient 
salt  to  cause  some  melting  action  when  temperatures  are  30  Degrees 
Fahrenheit  (-1°C)  and  rising. 

4.  Mixing  Type  I  calcium  chloride  with  anti-skid  at  the  rate 
of  60-80  pounds  (30-35  kilograms)  of  Type  I  Calcium  or  50-70 
pounds  (20-30  kilograms)  of  Type  II  Calcium  per  ton  of  anti-skid. 

Care  must  be  exercised  to  prevent  chemically  treated  anti-skid 
from  leeching  into  water  supplies. 

MATERIAL  APPLICATION  RATES 

On  First  Priority  Routes,  MFC  A  &  B,  Department  policy  is  to 
spread  100%  chemicals.  Spreading  width  shall  not  exceed  twelve 
feet  (3.7  meters)  on  these  highways. 

On  Second  and  Third  Priority  Routes  salt  abrasives,  or  a  com- 
bination thereof  is  spread  in  accordance  with  the  GUIDELINES  FOR 
APPLICATION  RATES  TABLE.  When  spreading  salt  on  two  lane  roads 
twenty  feet  (6  meters)  or  less  in  width,  the  salt  shall  be  spread 
at  a  width  of  four  to  six  feet  (1  to  2  meters).  If  the  roadway 
is  superelevated,  the  salt  shall  be  spread  toward  the  high  side  of 
the  road. 

When  spreading  abrasives  or  salt  mixed  with  abrasives,  the 
spreading  width  must  never  exceed  the  pavement  width. 

West  Virginia 

STORAGE  PILE  LOCATIONS 

The  County  Superintendent,  with  the  aid  of  the  District  Main- 
tenance Engineer,  must  determine  where  chemicals  and  abrasives  for 
snow  removal  and  ice  control  operations  should  be  stored.  The 
storage  places  will  be  located  so  the  spreading  equipment  will  not 
be  required  to  travel  a  great  distance  while  empty  to  reload  or 
a  great  distance  while  fully  loaded  to  reach  the  starting  point  of 
the  spreading  operation. 

Furthermore,  the  storage  place  will  be  well  drained  and  easily 
accessible.  Stockpiles  will  also  be  located  at  all  sites  where  snow- 
removal  equipment  is  parked.  This  practice  will  expedite  loading 
so  that  loaded  equipment  can  be  on  the  road  as  soon  as  possible. 

CHEMICAL  STORAGE 

Chemicals  and  abrasives  must  be  stored  in  an  approved  manner  to 
reduce  loss  due  to  caking  and  water  damage.  The  bin  may  have  two  or 
three  sides.   It  must  be  set  on  a  hot-mix  pad  which  is  so  constructed 
that  water  will  drain  from  the  center  to  the  outer  edge  in  all 
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directions.  Eye  bolts  placed  12-24  inches  (30-60  centimeters)  apart 
must  be  located  in  the  sides  at  the  top  for  use  as  ties  to  hold  a 
waterproof  cover  in  position.  The  cover  will  be  placed  so  that  it 
will  be  in  direct  contact  with  the  chemical.  It  must  be  securely 
tied  on  two  or  three  sides  and  will  be  held  on  the  pad  at  the  front 
or  at  each  of  the  open  ends.  Bins  will  be  arranged  in  sets  of  three. 
The  two  outer  bins  of  a  set  will  contain  the  straight  chemicals. 
Rock  salt  will  be  stored  in  one,  and  calcium  chloride  in  the  other. 
The  center  bin  will  contain  the  standard  mixture  of  salt  and  calcium 
chloride  that  is  best  suited  for  the  particular  County.  Care  must 
be  taken  to  keep  all  chemicals  covered  except  during  actual  loading 
operations.  During  loading,  the  cover  will  be  rolled  back  only  far 
enough  to  allow  the  loader  to  get  the  necessary  amount  of  material 
and  it  will  be  replaced  as  soon  as  loading  is  completed.  Chemicals 
will  never  be  left  uncovered  after  loading  is  completed. 

ABRASIVE  STORAGE 

Abrasives  will  be  stored  in  stockpiles  on  well -drained  ground. 
At  each  location  there  will  be  two  stockpiles,  one  of  straight 
abrasives  and  one  of  abrasives  mixed  with  chemicals.  Each  stockpile 
must  be  built  and  maintained  in  the  shape  of  a  cone.  A  pile  of  this 
shape  tends  to  shed  water  readily.  As  a  result,  there  is  less  chance 
of  deep  freezing  in  a  pile  of  straight  abrasives  and  less  chance  of 
loss  of  chemical  due  to  leaching.  A  stockpile  of  abrasives  mixed 
with  a  chemical  will  be  capped  with  an  application  of  straight 
chemical  to  compensate  for  the  loss  of  chemical  through  leaching. 
Also,  where  practical,  a  waterproof  cap  must  be  kept  in  place  on 
a  pile  of  abrasives  even  though  the  pile  includes  chemicals.  After 
each  storm,  stockpiles  of  abrasives  must  be  reconstructed  so  as  to 
have  the  proper  shape.  Each  pile  must  then  be  recapped  with  a 
chemical  or  the  waterproof  cap  replaced. 

STORAGE  SITE  INSPECTION 

All  chemicals  and  abrasives  for  snow  removal  and  ice  control 
must  meet  the  requirements  of  the  specifications  prepared  by  the 
West  Virginia  Department  of  Highways.  The  material  will  be  inspected 
in  accordance  with  the  established  policy.  Only  material  that  meets 
these  specifications  will  be  accepted. 

MIXING  CHEMICALS 

Chemicals  are  used  straight  and  in  combination.  The  choice 
of  type  and  mix  depends  on  the  temperature  and  on  the  road  conditions. 
A  standard  mixture  will  be  determined  for  each  County  on  the  basis  of 
the  average  temperature  and  the  type  and  amount  of  precipitation. 
Experience  will  be  of  tremendous  help  in  determining  the  correct  or 
best  standard  mixture.  A  number  of  methods  can  be  used  to  prepare 
a  satisfactory  mixture.   It  will  be  assumed  that  a  mixture  of  rock 
salt  and  concentrated  calcium  chloride  in  pellet  or  granular  form  is 
to  be  prepared. 
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Mixing  can  be  done  with  the  use  of  a  front-end  loader,  a  power 
shovel,  a  clamshell,  or  by  hand-tools.  Suitable  amounts  of  salt  and 
calcium  chloride  are  placed  into  a  pile  in  the  desired  proportions 
and  the  actual  mixing  is  accomplished  by  rehandling  the  material  with 
the  equipment  until  a  uniform  mixture  is  obtained.  Another  tnethod 
of  mixing  is  by  the  use  of  equipment  of  the  belt-loader  type  with  a 
hopper  feeder.  The  salt  and  the  calcium  chloride  are  put  in  separate 
piles.  Then  the  loader  is  backed  into  the  pile  of  chemical  of  which 
the  larger  amount  is  required.  The  other  chemical  is  added  through 
the  hopper  in  as  even  a  flow  as  possible  and  in  the  correct  amount. 

In  another  method  ofmixing,  alternate  layers  of  salt  and  calcium 
are  placed  in  the  hopper  or  body  of  a  spreader  in  proper  proportions 
at  the  time  of  use.  This  method  is  accepted  where  the  speader  is 
one  of  the  smaller  types  and  bagged  chemicals  are  used.  It  permits 
only  limited  mixing  by  the  normal  movement  of  the  materials  through 
the  body  to  the  discharge  opening. 

MIXING  CHEMICALS  AND  ABRASIVES  IN  STOCKPILES 

It  must  be  remembered  that  chemicals  will  not  prevent  the 
freezing  of  moisture  in  abrasvies  and  will  not  allow  abrasives  to 
become  quickly  anchored  to  ice  or  packed  snow  unless  the  chemical 
has  been  dissolved  and  become  uniformly  mixed  with  the  abrasives. 
For  this  reason,  100  pounds  (45.4  kilograms)  of  chemical  will  be 
added  to  each  cubic  yard  of  abrasives  and  thoroughly  mixed  when  the 
abrasives  are  stored  in  stockpiles.  This  initial  addition  of  chemical 
will  keep  to  a  minimum  the  need  for  "sweetening"  (adding  addtional 
chemical)  the  abrasives  at  the  time  of  spreading.  Before  the  snow 
seasons,  ample  quantities  of  abrasives  should  be  on  hand  and  enough 
chemical  should  be  available  for  mixinglOO  pounds  (45.4  kilograms) 
with  each  cubic  yard  of  abrasvies.  The  chemical  added  to  a  stock- 
pile of  abrasives  should  be  mixed  with  the  abrasives  in  the  follow- 
ing manner: 

Step  1.  The  number  of  cubic  yards  of  straight  abrasives 
delivered  to  the  stockpile  will  be  determined  either  from  the 
delivery  weight  slips  or  from  the  base  dimension  of  the  pile  by  the 
use  of  the  Storage  Capacity  Curves  shown  on  the  chart  in  Figure  83. 
To  us  this  chart,  it  is  first  necessary  to  determine  the  height  of 
the  pile  corresponding  to  the  base  dimension  "B"  by  considering  the 
proper  sloping  straight  line.  For  example,  a  pile  of  crushed  stone 
with  a  base  dimension  of  40  feet  (12.2  meters)  should  have  a 
height  of  seventeen  feet  (5.2  meters).  The  capcaity  of  a  conical 
pile  or  the  capacity  per  lineal  foot  of  the  intermediate  section  of 
a  tent-shaped  pile  should  then  be  found  for  the  known  height  by 
considering  the  proper  curve.  Thus,  a  conical  pile  of  crushed 
stone  seventeen  feet  (5.2  meters)  high  should  contain  about  360 
tons  (327  metric  tons)  and  each  lineal  foot  of  the  intermediate 
section  of  a  tent-shaped  pile  should  contain  about  17.5  tons  (15.9 
metric  tons).  To  find  the  total  capacity  of  a  tent-shaped  pile,  the 
capacity  per  lineal  foot  must  be  multiplied  by  the  length  of  the 
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FIGURE   86:   STORAGE   CAPACITY    CURVES 


intermediate  section  and  the  capacity  of  a  conical  pile  of  the 
same  height  must  be  added  to  allow  for  the  sloping  end  portions. 
Thus,  if  the  intermediate  section  of  the  tent-shaped  pile  as 
mentioned  above  is  50  feet  (15.2  meters)  long,  the  total  capacity 
of  the  pile  will  be  (17.5  x  50)  +  360  =  1235  tons  (1120  metric  tons) 
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Step  2.  By  use  of  a  clamshell  or  a  power  shovel,  a  new  stock- 
pile will  be  built  by  placing  alternate  layers  of  the  abrasives 
from  the  original  stockpile  and  chemicals  in  the  correct  proportions. 
To  accomplish  this,  each  layer  of  abrasives  will  be  approximately 
two  feet  (50  centimeters)  in  depth  and  the  number  of  cubic  yards  in 
the  layer  will  be  determined  by  counting  the  number  of  bucketful s 
needed  to  construct  the  layer.  The  corresponding  amount  of  chemicals 
required  can  then  be  determined  for  each  layer  and  will  be  spread 
as  evenly  as  possible  over  the  entire  surface  of  the  layer  of 
abrasives.  This  procedure  will  be  combined  until  all  materials  have 
been  proportioned. 

Step  3.  The  equipment  will  be  used  to  move  the  pile  of  combined 
abrasives  and  chemical  to  an  adjacent  place  by  letting  the  material 
sift  gradually  from  the  opened  bucket. 

Step  4.  The  final  mixing  will  be  performed  while  the  material 
is  being  moved  to  its  permanent  location  by  gradually  opening  the 
bucket  of  the  equipment  and  letting  the  material  sift  through  as 
before. 

Step  5.  The  mixed  material  will  be  deposited  so  as  to  form  a 
pile  of  the  proper  shape.  This  pile  will  then  be  capped  with  a  thin 
layer  of  straight  calcium  chloride.  A  waterproof  covering  can  be 
used  as  a  cap  instead  of  the  chemical  to  aid  in  shedding  water.  The 
cap,  whether  of  waterproof  material  or  of  calcium,  should  cover  the 
pile  about  one-third  of  the  distance  from  the  top. 

PROPORTIONS  FOR  CHEMICAL  MIXTURES 

The  best  proportions  of  rock  salt  and  calcium  chloride  in  a 
mixture  of  chemicals  depend  on  the  temperature.  When  pellets  of 
concentrated  calcium  chloride  are  used,  the  standard  mixtures  by 
volume  recommended  for  various  temperature  ranges  are  as  follows: 

Temperature  Proportions  by  Volume 

-2.2°C(23°F)  or  higher  Straight  salt 

Between  -2.2°C(28°F)  and  -5.5°C  1  part  calcium  chloride  to 

(22°F)  3  parts  salt 

Between  -5.5°C(22°F)  and  -8.9°C  1  part  calcium  chloride  to 

(16°F)  2  parts  salt 

Between  -8.9°C(16°F)  and  -12.2°C  1  part  calcium  chloride  to 

(10°F)  1  part  salt 

Between  -12. 2°C(1 0°F)  and  -15.5°C  2  parts  calcium  chloride  to 

(4°F)  1  part  salt 

-15.5°C(4°F)  or  lower  Straight  calcium  chloride 

By  using  these  recommendations  as  a  guide  and  basing  the  pro- 
portions on  the  average  temperature  during  snowstorms,  the  best 
standard  mixture  will  be  determined  for  each  County. 
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SPREADING  CHEMICALS 

As  soon  as  precipitation  in  the  form  of  snow,  sleet,  or  freezing 
rain  starts,  application  of  the  correct  mixture  of  chemicals  will 
begin.  The  initial  application  of  the  chemicals  is  very  critical, 
because  the  promptness  of  the  application  and  the  amount  of  chemicals 
applied  determine  if  the  precipitation  will  stick  to  the  pavement. 

Under  certain  conditions  it  is  advisable  to  apply  chemicals 
before  precipitation  occurs.  For  example,  when  heavy  storms  are 
known  to  be  advancing  on  a  wide  front  through  the  state  and  the  time 
of  arrival  at  any  location  can  be  predicted  rather  accurately.  On 
high-speed  roads  some  chemical  placed  ahead  of  the  storm  will  be 
"fanned-off"  by  vehicles,  but  it  is  better  to  take  this  loss  than  to 
wait  and  start  application  after  such  storms  arrive. 

The  rate  which  chemicals  will  be  applied  will  be  determined  by 
an  authorized  person  before  each  coverage  is  started.  As  a  guide  in 
selecting  the  correct  rate,  use  of  the  following  quantities  is 
recommended. 

Rate  Based  on  Two  Lanes 

Pounds/mi  1 e  Ki 1 ograms/ ki 1 ometer 

Light  snow,  sleet  or  freezing  rain      500  140 

Normal  snowfall  800  230 

Very   heavy  snowfall,  packed  snow  or 

ice  1000  280 


If  concentrated  chemical  is  used,  the  pounds  per  mile  may  be 
reduced  approximately  twenty  percent.  The  chemicals  will  be  spread 
over  a  width  of  four  to  six  (1  to  2  meters)  along  the  center  of 
the  roadway.  On  a  superelevated  curve,  when  traffic  and  road  condi- 
tions permit,  the  chemicals  will  be  spread  on  the  high  side  of  the 
roadway.  The  spreader  truck  will  be  operated  at  a  speed  which  is 
consistent  with  the  results  of  the  tests  made  for  calibrating  the 
spreader.  However,  this  speed  will  never  exceed  25  miles  per  hour 
(40  kilometers  per  hour),  because  a  higher  speed  tends  to  destroy 
the  desired  pattern  of  spread. 

PLOWING  AND  SPREADING  ABRASIVES 

Where  bare  surface  maintenance  is  required,  the  depth  of  the 
accumulation  of  snow  on  the  road  will  never  be  permitted  to  exceed 
three  inches  (7.6  centimeters).  When  the  depth  reaches  two  or 
three  inches  (5  to  8  centimeters),  with  snow  still  falling,  the  snow 
will  be  plowed  to  the  surface  of  the  pavement  and  the  pavement  will 
be  covered  immediately  with  another  application  of  chemicals. 
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There  will  be  times  when  abrasives  will  be  needed  on  sections  of 
roadway  being  given  bare  pavement  maintenance.  In  these  places, 
straight  abrasives  can  be  used  but  they  must  be  put  on  quickly.  When 
the  snow  has  stopped,  all  slush  will  be  plowed  promptly  from  the  sur- 
face of  the  pavement  so  the  pavement  may  dry  quickly  and  refreezing 
of  the  slush  on  the  road  surface  will  be  prevented. 

TREATMENT  PROCEDURES 

A  great  many  variations  in  conditions  can  and  will  occur  during 
snowstorms.  The  best  procedures  for  applying  chemicals,  plowing,  and 
spreading  abrasives  for  particular  conditions  must  be  determined  to 
some  extent  by  experience,  but  the  following  procedures  should  be 
used  as  guides.  Procedures  for  three  different  kinds  of  conditions 
are  described  as  follows: 

CONDITION  I 

Temperature:  -2°C  (28°F)  or  above  and  rising 

Precipitation:  Snow,  sleet,  or  freezing  rain 

Pavement:  Wet 

Immediate  treatment: 

Salt  will  be  applied  at  the  rate  of  500  pounds  per  mile  (140 
kilograms  per  kilometer). 

Following  treatment: 

If  precipitation  continues  and  snow  or  sleet  accumulates,  the 
road  will  be  plowed  and  salting  will  be  repeated  at  proper  intervals 
of  time. 

If  the  storm  ceases,  patrolling  operations  will  be  maintained 
until  the  pavement  is  clear.  Then  equipment  will  be  shifted  to 
second  and  third  priority  snow  routes. 

CONDITION  II 

Temperature:  -2°C  (28°F)  and  falling 

Precipitation:  Snow,  sleet  or  freezing  rain 

Pavement:  Wet  or  slippery 

Immediate  treatment: 

A  mixture  of  salt  and  calcium  chloride  in  the  proportions 
recommended  for  the  existing  temperatures  will  be  applied  at  the 
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rate  of  800  pounds  per  mile  (230  kilograms  per  kilometer). 

Following  treatment: 

If  precipitation  continues  and  snow  or  sleet  accumulates,  the 
road  will  be  plowed  and  application  of  chemicals  will  be  repeated  at 
proper  intervals  of  time. 

If  the  storm  ceases,  maintain  patrol  until  assured  that  pavement 
is  clear  and  shift  equipment  to  second  and  third  priority  snow 
routes. 

CONDITION  III 

Temperature:  Below  -2°C  (28°F) 

Precipitation:  Snow,  sleet  or  freezing  rain 

Pavement:  Accumulation  of  packed  snow  or  ice 

Immediate  treatment: 

A  mixture  of  salt  and  calcium  chloride  in  the  proportions  recom- 
mended for  the  existing  temperature  will  be  applied  at  the  rate  of 
1,000  pounds  per  mile  (280  kilograms  per  kilometer).  Also,  where 
indicated,  straight  abrasives  will  be  applied  immediately  after- 
ward at  the  rate  of  two  cubic  yards  per  mile  (1  cubic  meter  per 
kilometer). 

Following  treatment: 

At  the  first  sign  of  loosening  or  melting  of  snow  or  ice, 
the  precipitation  will  be  bladed  from  the  pavement.  Then  the 
application  of  chemicals  will  be  repeated  immediately.  Also,  the 
application  of  abrasives  will  be  repeated  where  necessary.  The 
treatment  and  patrolling  will  be  continued  until  the  pavement  is 
clear.  Equipment  will  then  be  shifted  to  second  and  third  priority 
snow  routes. 
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Rumble  strip  design  52-,  169,  173- 
Safety  109-,  130- 
Salt  craving  animals  150 
Sauer  156,  159 
Scaling  181,  190 
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